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FOREWORD

Sound water resource management requires a sound data collection effort to understand the
factors that could impact water quality. With this goal in mind, the Department of Water Resources
in cooperation with other water agencies initiated the Interagency Delta Health Aspects Monitoring
Program in 1983. This program was developed in response to a scientific panel that had identified
what types of information were needed to monitor and assess Delta water quality with respect to
human health concerns.

This Project Report marks the fifth anniversary of the program. The program began as a
monitoring study and has evolved into a combination of monitoring and special water quality
related investigations on Delta water supplies. Through the guidance of a Technical Advisory
Group, representing water agencies that are concerned about the safety of using Delta water as a
primary domestic water source, study priorities are determined and carried out by the Department.
In addition, the Department of Health Services serves on the advisory group providing input on
human health related issues and laboratory quality assurance.

The 1988 Project Report describes the preliminary results of an ongoing comprehensive analysis of
data collected from 1983 through 1987. The analysis also includes data on water quality related
factors presented during the 1987 Bay-Delta Hearings. The study results indicate that Delta water
supplies are generally of acceptable quality with respect to the levels of chemical contaminants
and minerals that may affect human health. However, due to some proposed changes in drinking
water quality standards and proposed construction projects, more intensive monitoring is needed.

The program will continue to provide this much needed information. The program's activities are
invaluable to the Department's mission of water resource planning and protection for California.

James U. McDaniel
Chief, Central District
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SUMMARY

Freshwaters of the Sacramento-San Joaquin Delta are the primary source of water for over 16
million Californians. Reductions in the quality of water could result in human health problems
and/or increased treatment costs. Water quality monitoring is an important mission of the
Department's total effort in managing this valuable resource.

A number of complex interactions impact the quantity and quality of Deita water supplies. Among
these factors are Sacramento and San Joaquin river flows, tidal action, water exports, local
consumptive uses, upstream diversions, levee fallures, waste discharges, urban runoff,and
Irrigation return flows.

In 1983, the Department of Water Resources began to routinely monitor Deita water supplies for
the purpose of protecting human health concerns. This study was named the Interagency Delta
Health Aspects Monitoring Program. It is cooperatively supported and guided by water districts
and agencies that are concerned about the safety of using Delta water as a main domestic source.
This June marks the fifth anniversary of the program.

As much as five year's of monthly water quality observations have been collected at some Delta
stations. The data set represents water quality under a variety of hydrologic conditions and events.
Observations in water years 1983, 1984, and 1986 were during classified “wet" years. Those taken
in 1985 and 1987 represented "dry” conditions. Water quality as affected by major events such as
the massive storms during late February-mid March 1986, which led to flooding of some Delta
islands, were monitored.

This Project Report presents an assessment of the impacts of water quality related factors on Delta
water supplies from 1983-87. Delta water quality with respect to total trihalomethane formation
potential, pesticide contaminants, and ionic composition are discussed. Data from other
Department reports and testimony presented during the State Water Resources Control Board
Delta Hearings in 1987 provided the opportunity to review compiled information that previously
were not readily available. Much of this information has been concisely presented in the
discussion of water quality related factors.

Observations of total trihalomethane formation potential, pesticide contaminants, and sodium to
chloride ion ratios were examined for data collected from 1983-87. Pronounced effects could be
seen at some stations from changing environmental conditions and water management activities
including project operations and agricuiture in the Delta.

In general, Delta water quality is at an acceptable level for use as a drinking water supply. The few
pesticide contaminants that have been found in Delta water samples have been at concentrations
marginally above laboratory detection and within safe limits. Selenium in Central Valley agricuitural
drainage discharged into the San Joaquin River are diluted to levels below detection (less than 1
ug/1) downstream of Vernalis to sufficiently meet the EPA maximum limit of 10 ug/l for drinking
water.

Total trihalomethane formation potential (TTHMFP) concentrations in Delta waters appear to be
affected by a combination of factors: (1) the presence of bromides, (2) primary productivity in the
channels, (3) agricultural drainage discharges, and (4) Delta fiows in the channels. In general,
TTHMFP has been higher downstream of the Sacramento River at Greenes Landing.

Bromide, a common ion in seawater, can significantly réise the TTHMFP concentration because of
its high atomic weight. Brominated THMs were commonly found at stations where water quality
were most affected by seawater intrusion or a local bromide source. These stations included
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Sacramento River at Mallard Island, Rock Slough at Old River, Clifton Court intake, Deita Mendota
Canal intake, and the San Joaquin River near Vernalis. The high amounts of brominated THMs at
the Vernalis station is probably from Central Valley irrigation return flows as shown by TTHMFP
data collected on the San Luis Drain. However, the origin of the irrigation water is Delta water
exported by the State and Federal Water Projects which also contain bromides. There may also
be an in-valley bromide source.

Algae and phytoplankton concentrations in the Delta, as measured by chlorophyl a and
pheophytin, correlated with TTHMFP trends at some stations. There appeared to be a good
correlation between TTHMFP increases when chiorophyl levels increased above 20 ug/l. Spring
and fall bloom conditions apparently may seasonally contribute to the availability of THM precursor
material in the Delta.

Increases in TTHMFP were seen on the Sacramento River after rice field drainages were
discharged into the river. The increased level of THM precursor material in farm drainage could be
seen in the river. Samples taken from Delta island drainages have high TTHMFP concentrations.
Deilta agricuitural drainages are currently being investigated by the Department in another study.

Water at the Banks Pumping Plant headworks and Clifton Court Forebay intake responded to
water year conditions with respect to THM speciation. Higher percentages (70 +) of chloroform by
weight correlated with wet years and lower percentages with dry years. These observations are
attributed to the amount of seawater ions (bromides) that are transported to the pumps or repelled
by Deita outflow.

While there is no definitive correlation to predict the THM concentrations in treated water from
TTHMFP measurements in raw water supplies, there are concerns for the technological ability to
reduce THMs. EPA is in the process of reviewing the 100 ug/l maximum THM standard for
drinking water. Proposed standards are much lower than the current level. The impact of a lower
standard would require significant retrofitting of water treatment facilities and expenditures.
Reduced TTHMFP levels in raw water supplies would reduce treatment needs. One task of the
Delta Health Aspects Monitoring Program Is to examine how the total THM formation potential
could be best managed in the Deita by understanding their sources.

In studying the effects of bay water intrusion and freshwater flow on Delta export water quality, the
comparison of specific molar ion ratios appears to be a useful tool in addition to electrical
conductivity, salinity, and ion concentration measurements in identifying the sources and mixing
of water types.

The mean sodium to chloride molar lon ratios showed that much of the water in the State and
Federal Water Projects and surrounding stations (Rock Slough at Oid River) are more chemically
similar to Sacramento River at Mallard Island water than at Greenes Landing. The ratios also
traced the return of Project waters to the Delta from the San Joaquin River.

As more chemical analyses are performed and examined in Delta agricultural drainage, chemical
characterization of specific irrigation return waters might also be traced and their effects on Delta
water quality better understood.

The drinking water quality of the Deita water supplies could change in the near future as a result of
new construction and water project operations. Some of these proposals which are under study
include the Bedford Island Project where 19,440 acres of Delta islands are flooded to store 382,520
acre-feet of water and later pumped out for use. Other plans under consideration include
relocating the Clifton Court Intake gates and changes to the State's Deita Water Quality Standards
and EPA Drinking Water Standards for trihalomethanes (THMs).
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The proposed construction projects and regulatory changes point to the importance of continued
monitoring and for additional studies to understand their potential effects on water quality.

The recommendations made as a result of the data analysis included additional monitoring to
comprehensively address the many specific points under investigation under the program and
initiation of some special studies in response to the proposed construction projects.

Subsequent program reports will continue to provide an interpretation of the results from the
monitoring and special Investigations.
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Chapter 1. INTRODUCTION

Freshwaters of the Sacramento-San Joaquin Deilta are the primary source of water for over 16
million Californians. Due to significant climatic differences throughout the State and the
distribution of the populace, water resources must be managed, shared, and protected. The
reduced quality of water may result in human health problems and/or increased treatment costs.

In 1983, the Department of Water Resources began to routinely monitor Delta water supplies for
the purpose of protecting human health concemns. This study was named the Interagency Deita
Health Aspects Monitoring Program. It is cooperatively supported and guided by water districts
and agencies that are concerned about the safety of using Deita water as a main domestic source.
This June marks the fifth anniversary of the program.

The program has evolved in the recent years from a routine monitoring program to one coupled
with several special investigations on potential water quality problems.

The previous seven progress reports and two project reports presented information on the results
and interpretation of the data collected in the program. The program continues to evolve as
necessary to meet the goal of improving our understanding of factors affecting Delta water
supplies so that future water management plans will protect water quality.

Beginning with this Project Report and following with subsequent project reports, the results of the
ongoing examination of factors relevant to Deita and export water quality will be presented.
Project reports will be produced annually instead of every 18 months. Progress reports will be
available every October, January, and April. These changes are necessary to improve the
responsiveness of the monitoring program to its goals.

Several projects and plans that might significantly affect the quality and quantity of Deita water
supplies in the near future have been proposed. Some of these proposals include the Bedford
Island Project where 19,440 acres of Delta islands are flooded to store 382,520 acre-feet of water
and later pumped out for use. Other plans under consideration include relocating the Clifton Court
Intake gates and changes to the State's Delta Water Quality Standards and EPA Drinking Water
Standards for trihalomethanes (THMs). Further discussion of these and other proposals are
presented in this report and in the appendices. In all cases, much more data collection is
necessary to evaluate their potential impacts. Under the guidance of the Program's Technical
Advisory Group, priorities are established, program changes made, or special studies initiated.
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Chapter 2. FINDINGS

1. The level of THM bromide in the San Joaquin River is, by far, the highest of all the fresh water
tributaries to the Deita.

2. Some of the peak TTHMFP values coincide and apparently are a consequence of the first
significant rainfall which carries decaying organic matter into the river and tributary streams.

3. THM bromide levels increased at the Rock Slough and the Clifton Court stations on Old River
from the middie of 1985 through the end of the year because of a prolonged period of low and
reverse Delta outflow. In February of 1986 heavy precipitation resulted in very high Deita outflows
which moved the saline water out of the Deita and THM bromide levels retumed to normal.

4. Factors other then the major river inflows that adversely effect Delta water quality are
agricultural drainage from Delta Islands, phytoplankton blooms in the southern and central Deita
and reverse net outflows that allow sea water intrusion to occur.

5. TTHMFP levels at stations in the southern Delta increase in relation to chlorophyill levels above
about 20ug/L. _

6. It appears that during the normal type water year, the major source of THM precursors and
bromides at the export stations is from the San Joaquin River which averaged 172 ug/L TTHMFP
higher than the Sacramento River.

7. In studying the effects of bay water intrusion and freshwater flow on Delta export water quality,
the comparison of specific molar ion ratios appears to be a useful tool in addition to electrical
conductivity, salinity, and ion concentration measurements in identifying the sources and mixing
of water types.

8. The mean sodium to chloride molar ion ratios showed that much of the water in the State and
Federal Water Projects and surrounding stations (Rock Slough at Old River) are more chemically
similar to Sacramento River at Mallard Island water than at Greenes Landing. The ratios also
traced the return of Project waters to the Deita from the San Joaquin River.

9. As more chemical analyses are performed and examined in Deita agricultural drainage, chemical
characterization of specific irrigation return waters might also be traced and their effects on Delta
water quality better understood.
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Chapter 3. RECOMMENDATIONS

The following are a list of recommendations for consideration by the Program's Technical Advisory
Group based on the initial analysis of five years of data. A brief description of the need to support
each recommendation is provided.

* Repeat tidal effects study on Old and Middle Rivers

The limited study on water quality along Oid and Middle Rivers conducted in fall 1986 suggested
that under certain conditions, water near Union and Victoria Islands might result in pronounced
increases in conductivity and salts in export water. Agricultural drainage is a suspected source as
there are many drainages emptying into the channels. Should the Clifton Court Intake be moved
water quality may become poorer. Further investigation on water quality in this area Is needed.

* Dye dispersion studies

Mixing of water from different sources are poorly understood and dye dispersion studies would
improve the interpretation of water quality data within the Delta. Dye studies could address
questions on the dilution and mixing of agricultural drainages, San Joaquin River water, and other
water quality issues.

* Increase frequency of sampling

Increasing monitoring to semi-monthly collections would significantly improve the understanding
of Deita water quality factors.

* Focus on smaller geographical area for special studies.

Additional stations need to be monitored to examine the linkage between water quality at different
stations. The stations are too distant apart and untested rough assumptions must be made in
developing an understanding of the relationships.

Information on Clifton Court Forebay is poor as there are no stations within the Forebay to
determine Iif the Forebay is a source of THM precursors or if there are significant changes due to
biological productivity in the Forebay that could affect TTHMFP.

* Expand monitoring work to some D-1485 stations

Preliminary analysis suggests a correlation of TTHMFP with biological productivity as measured by
chiorophyl a and pheophytin concentrations taken by the DWR D-1485 study. Water samples
taken by the D-1485 study should also include TTHMFP analyses and samples taken by the Deita
health Aspects Monitoring Program should include the biological pigment analyses.

* Need for baseline monitoring and monitoring of changes from proposed construction projects
potentially affecting water quality.

Numerous proposed projects and changes to water quality standards could effect the future use of
Deita water supplies. These include the Bedford Island Project, relocation of the Clifton Court
Intake, weirs for the South Delta Water Agency, revised SWRCB Delta standards, and new EPA
THM standards.

* Need to monitor impact on water quality from competing beneficial uses.
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Experiments to increase phytoplankton productivity for fisheries by altering flows could impact
water quality at some stations.

* Further investigation of filtered versus unfiltered samples for TTHMFP should be performed
during phytoplankton blooms.

* A study to assess the effects of phytonplankton blooms on THM precursor levels should be
implemented. The study should include coordinated collection of TTHMFP and chlorophyll data.

* The explanation for some of the high TTHMFP values in the Sacramento River during certain
months of the year is unknown and needs further study.

* Investigate sources of THM precursors and bromides upstream of the Deita on the Sacramento
and San Joaquin rivers. Collection of samples at various locations along the river above and
below agricuitural drains would better define the sources.

* Perform laboratory studies to determine TTHMFP response to increased levels of bromide.
Spiked river water samples of varying bromide levels could indicate how much bromide combines
in the reaction and if bromides have the effect of utilizing precursors more effectively.
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Chapter 4. DELTA WATER QUALITY

Through the Interagency Delta Health Aspects Monitoring Program, data is collected each month
to evaluate the quality of Delta water supplies for human consumption. Nearly five years of data
have been recorded at several Deita locations under different water year conditions and events. A
comprehensive examination of factors that could affect water quality is underway and will continue
concurrently with the monitoring study. Due to the 1987 State Water Resources Control Board
Bay-Delta Hearings, the opportunity to examine historical data previously not compiled or readily
available was provided in the hearing testimonies and submittals. This opportunity to supplement
data from the hearings with those from the Interagency Monitoring Program substantially broadens
and improves the ability to understand how and why Delta water quality is variable.

The results of an initial analysis of the data are described in this report. Subsequent annual project
reports will report on the continued analysis and interpretation of data. Progress reports will
continue to update the public on the quarterly activities and results of field and laboratory
measurements. .

The primary objectives of the analysis are to:

1. Summarize trends, relationships, and ranges of values in observations taken under
the Delta Health Aspects Monitoring Program from 1983 through 1987.

2. Address specific questions about sources and contribution of THM precursors
affecting Deita water quality.

3. Determine i special studies or monitoring program changes are needed.
Some specific points under examination include:
1. The relationship of Delta outflow on water quality observed at each station.
2. ldentifying major events that could have affected water quality observations.
3. The contribution of THM precursors from Suisun Bay to the Delta.
4. Estimations on theoretical mixing of water types in the Delta.
5. The relationship of primary productivity events on THM formation potential.
6. Characterization of prominent seasonal and monthly patterns of Delta water quality.

7. Relationship of air temperature and consumptive channel use of water by Deita
farmers.

8. Baseline water quality conditions in the Clifton Court area.

9. Water quality changes attributable to biological productivity and mixing within Clifton
Court Forebay or State Water Project operations.

The effort included a review of the following databases:

1. Deita Health Aspects Monitoring Program 1983-87

-
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- Basic water quality measurements

- Mineral quality analyses

- THM formation potential and THM speciation
- Pesticide analyses

- Special tidal effects study

2. DWR Delta Agricultural Drainage Investigation
3. DWR D-1485 Monitoring Study

- Basic water quality measurements
- Chiorophyl a and pheophytin

4. National Weather Service data

- Stockton and Sacramento air temperatures
- Precipitation data

5. DWR Dayflow Deita hydrology computer model calculations and measurements of daily flow
6. Miscellaneous supplementary data

- DWR Northern District Sacramento River TTHMFP study

- DWR 1954-56 Delta agricultural drainage report

- DWR testimony submitted for SWRCB Delta hearings

- DWR State Water Project Operations & Maintenance records on Clifton Ct.
Intake and Banks Pumping Plant daily pumped volumes.

Topics Covered

Three key topics are discussed in this report. The first topic is an overview of the major factors in
the Bay-Delta environment that effect Delta water quality. Both natural and human factors can
have significant effects on the quantities and qualities of Delta water supplies at any time. The
typical variable events such as irrigation and increased drainage disposal, pesticide use, tidal
variations, floods, and water project operations are briefly discussed.

The second key topic examines some of the observations and relationships of Delta water quality
seen in 1983 through 1987. Information are presented on total trihalomethane formation potential
(TTHMFP), trihalomethane (THM) precursors and speciation, major ion ratios, and their
relationship to Delta outflow estimates.

The last key topic describes proposed projects and plans that might become additional factors
affecting export water quality and quantities in the near future. These proposals include the
Bedford Island Project, a new Clifton Court intake location, channel weirs, revised Delta water
quality standards and policies, and experiments on altering flow and diversion operations to
protect and enhance other beneficial uses such as fisheries.

Methodology

To determine the significance of any relationship between Deita channel flows and observed water
quality, data from the DWR DAYFLOW (also referred to as DAYFLO) hydrology model were
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examined along with the mean daily flow feported for the day when water quality samples were
taken by the interagency Monitoring Program.

DAYFLOW is a computer program developed in 1978 as an accounting tool for determining
historical Delat boundary hydrology. The program provides the best estimate of historical mean
daily flows and its accuracy is affected by the model's computational scheme and accuracy and
limitations of both monitored and estimated stream inflows, Deita precipitation, Deita exports, and
Delta gross channel depletions. Further details about the model and calculations of flow are
presented in Appendix A.

Both dally and monthly average DAYFLOW data reflected and represented the hydrologic
conditions in the Deita when plotted and compared. However, when mean daily flow data for the
monitoring program sampling dates were plotted points, the results did not resemble the
hydrologic conditions seen in the DAYFLOW daily and monthly average plots.

Five day average flows were then computed for each sampling date and the results compared
favorably in reflecting the hydrologic patterns observed in the DAYFLOW graphs. For each
sampling date, the daily flow of that day plus that of the previous 4 days were summed and
averaged. The assumption is that the water quality of a given day result from flow conditions
stabilized over a 5 day period. Appropriate DAYFLOW values were compared for each monitoring
station.

Statistical calculations were made for each station to determine range and variability of data to
determine best characterization of each station. Historical events were traced to chronologically
document possible events that may have had significant effects on water quality. Conditions under
different water years compared.

This report discussses the Delta outflow relationship with TTHMFP, THM species, and molar
sodium to chloride (Na:Cl) ion ratios from July 1983 through September 1986 for stations located
at:

Sacramento River at Greenes Landing

San Joaquin River near Vernalis
Sacramento River at Mallard Island

Rock Slough at Oid River

Clifton Court Intake

Harvey O. Banks Pumping Plant Headworks

DAYFLOW data past September 1986 were not available for use in this analysis as there is a lag in
reporting and tabulating the data. An analysis of water quality relationships and factors at other
monitoring stations and other topics will be reported in subsequent progress and project reports of
the Delta Health Aspects Monitoring Program.
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A. Major Factors Effecting Bay-Delta Water Quality

The Sacramento-San Joaquin Delta is geographically defined in California Water Code Section
12220 (Atlas Figure 4). About 60 islands and tracts lie in parts of six counties--Sacramento, San
Joaquin, Yolo, Solano, Alameda, and Contra Costa. The Delta extends over 738,000 acres of
which about 550,000 acres of prime agricultural land. Industrial areas exist on the fringes of the
Delta and towns and other urban developments occupy parts of 12 islands or tracts.

Most of the islands lie below the surrounding water level to as much as 20 to 25 feet below the
mean tide level (Atlas Figure 21). The low-lying lands are protected from high tides and floodflows
by a levee system. Over 700 miles of waterways meander through the maze of Delta islands.

Some interesting facts about the Delta are presented in Table ???? (Atlas Table 5).
Tides

Water quality at many locations within San Francisco Bay and the western Delta are significantly
affected by ocean tides. Seawater intrusion creates water supply problems in several ways.
Seawater can cause scaling and corrosion problems in pipes and tanks, damage to crops, and
with respect to human health concemns, water sources may contain higher levels of sodium and
have the increased probability of forming brominated trihalomethanes during treatment. In
general, the high solubility of salts in seawater results in expensive treatment methods to control
their presence.

San Francisco Bay tides are categorized as "mixed" tides because of the variation in tidal heights
between each of the the two high and two low tides (DWR-39). The tidal day is about 24 hours
and 50 minutes long. Spring tides occur near the times of full and new moons and the spring-tidal
range is larger than the mean tidal range (the difference between the mean high and mean low
tides) or the mean daily range. Neap tides occur during the first and third quarters and the tidal
range is least. Because tides are so closely related to the earth's positioning with the sun and
moon, there is substantial variation in the tides at the same place during the month.

Accompanying the periodic rise and fall are strong tidal currents. However, tidal currents are
affected by many nonperiodic processes in the coastal ocean. In large estuaries such as San
Francisco Bay, riverflow modifies tidal currents, altering their timing, so that current prediction is
more difficult than predictions of tidal height (DWR-37 and/or DWR-40). Both tides and tidal
currents are affected by winds and storms.

The basis for some of the standards set for regulating Deita inflows to the Bay as set in State Water
Resources Control Baord Decision 1485 are to repel seawater intrusion. Delta waters exported by
the State and Federal Water Projects are vuinerable to serious seawater contamination without
measures for regulating upstream diversion releases and levee protection against floods.
Operations at the Clifton Court Intake are synchronized to take water during incoming tides to take
advantage of the tremendous pumping force of the tides in pushing fresh water into the lower
Deilta. However, pumping is near continuous at the Federal Water Project Intake resuiting in
slightly more saline water on the average in the Delta Mendota Canal.

Agriculture

Because agriculture is the primary use of land in the Delta (average annual gross value $375
million), farming practices are significant factors affecting the quantities and quality of water in the
channels. About half of land is used to grow com, grain, and hay (DWR-308, DWR-312, and/or
DWR-311). To protect crop production in the Deita Lowlands, special fall irrigation after harvest
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and winter pond leaching are conducted to manage soll salinities that are harmful to corn grain
yields (DWR 324). Deilta irrigation management Is related to salinity, crop tolerance to salinity, and
the need for leaching to maintain soil salinity within the tolerance of the crop being grown.
Irrigation facilities in the Delta are innumerable (DWR-49).

The Delta uplands are composed of mineral soils and are surface irrigated (generally furrow-type
but includes strip-check and sprinkler). Salinity control in the root zone is accomplished by winter
rainfall plus the application of irrigation water in excess of crop water demand to leach most of the
accumulating salts downward and below the reach of roots. If a shallow water table is present, salt
control by leaching becomes much more difficuit and drains may need to be constructed to collect
and transport the drainage for disposal.

The Delta lowlands cover about 469,000 acres and are mostly composed of organic soils and sub-
irrigated. In this method temporary ditches (30 feet apart, 6 inches wide, and 12-18 inches deep)
are used to distribute water through the fields. Raising the water level in the ditches by means of
control structures causes horizontal movement of water through the soil. Shallow water tables are
present (within three to five feet) and it Is regulated as to depth below the soil surface by open
drains and large drainage pumps (DWR 322 and DWR 321).

Typically, salts from applied irrigation water during sub-irrigation and from the shallow water table
accumulate more near the soil surface where roots are more prevalent and active. Sub-irrigation
replenishes the soll water used by crops or evaporated from the soil surface and may remove
some accumulating salts by means of the drainage system. The shallow water table prevents
significant downward leaching during and following a sub-irrigation.

While these farming practices are important means of protecting crop yields, on the other hand,
Deilta water quality in the channels receive saline drainage. Concentration of salts in the channels
may become elevated under low river flow conditions when dilution and dispersion are reduced.
Agricultural drainages also appear to be rich in trihalomethane precursor materials as seen by total
THM formation potential measurements. The increase in salinity of the channels during the
summer causes some farm operators to cease irrigation during that period because of the negative
Impacts of applying highly-saline water to crops.

in general, there are two peak periods when drainage volume are the highest during the water
year. Drainage volume is at a low in October and rises rapidly to the first maximum in-December
and January as a result of the winter pond leaching. A second low occurs in February after
leaching has been completed. Drainage increases thereafter as lands are irrigated to moisten the
solls for seed germination in the spring. The final maximum drainage period occurs during the hot
summer period as irrigation (applied water) demands are high to meet crop demands.

The current drainage volumes can only be estimated. An early DWR study on drainage in the Delta
Lowlands estimated about 30,000 acre-feet in October, 1955 and a maximum of about 96,000 acre-
feet in January, 1955 (DWR Report 4, Table 10).

B* __— 1h 1987, an estimated 260 pumping stations were identified In the Deita (DWR-64). The DWR 1955

study was based on data from about 206 pump stations involving about 300 pumps. Efforts to
obtain more recent data to quantify drainages have been pursued by the Department but
unsuccessful due to lack of permission to collect data from most of the pump station owners.
However, based on comparisons of the number of pump stations and other information found in
the 1955 study, drainage quantities are probably more since com production is now about three
times higher than in 1955. In 1955, asparagus was the major crop grown and it is much more salt
tolerant than com. Asparagus production is now one-third of the 1955 crop acreage. A
comparison of crop acreages over time in the Delta are shown in Table 7?7 (DWR-312).
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Data on water quality characteristics of Delta farmland drainage is also severely limited. Total
dissolved solids data from the 1955 study are shown in Table ??? (DWR report 4--Table 16).

It is doubtful if significant changes to the current Delta irrigation practices would be made without a
significant loss in corn grain production. A four year study on the corn yield with different irrigation
management practices on subirrigated Delta organic soils and a model calied DELCORN
concluded that the leaching practices are necessary. However, alternatives such as growing a
more salt tolerant crop, alternative sources of water, or leaving the field to fallow were not
considered. The model also indicated that pond leaching Is required less frequently and is more
effective in restoring relative comn grain yield than the practice of fall subirrigation after harvest.

Some of the reported problems attributed to land derived salts include raising salinities of water in
Cache Slough at the City of Vallejo intake to significantly higher levels than in the Sacramento
River. Similarly, water taken by the Contra Costa Canal at pumping plant #1 are more saline than
water in Old River at Rock Slough.

Pesticide Use

Pesticide use Is also a major water quality concern. Synthetic organic chemicals are used on
crops, irrigation ditches, levees, and Delta channels to control insects, weeds, and aquatic
vegetation.

Pesticide use is expected to continue as a necessary practice for protecting and enhancing crop
production. The use of weedicides to control aquatic plant growth in ditches, drains, and channels
will also continue for flow and navigational reasons. Strong legislative actions have resulted in
many regulatory and enforcement actions in the development, sale, use, and disposal of toxic
chemicals. In California, the State Water Resources Control Board have regulated the release of
rice field drainage containing the herbicides Ordram, Bolero, and Basagran, into the Sacramento
River. . Chlorinated pesticides such as DDT and toxaphene have also been eliminated from use. In
1986, voters passed Proposition 65, ah intiative that has resulted in a development of confusing
regulations on toxic chemicals manufactured, sold, used, and found in California. Some major
supermarket chains are advertising the sale of produce free of pesticide residues to capitalize on
the increased public concerns for toxic chemicals in food. As a result, the potential threat of
pesticides on water quality are optimistically on the decrease.

Hydrologic Conditions

The principal rivers of the Delta are the Sacramento and San Joaquin and their tributaries. These
include the American, Calaveras, Cosumnes, Feather, Merced, Mokelumne, Stanislaus, and
Tuolomne rivers. They drain almost all of the Central Valley and provide about 47 percent of the
total runoff of the state.

To provide protection of the beneficial uses of water in the Delta, the State Water Resources
Control Board developed and implemented under its full authority a single comprehensive set of
water quality standards (Decision 1485, see Appendix B). The Board's water quality control plan
(Deita Plan) sets terms and conditions in the water right permits issued to the Department of Water
Resources and U. S. Bureau of Reclamation in the operation of the State and Federal Water
Projects, respectively. The Plan covers salinity control, fish and wildlife protection, and
coordination of terms and conditions in the respective SWP and CVP permits.

Beneficial uses in the Delta and Suisun Marsh have been historically classified under three broad
categories: (1) agriculture, (2) fish and wildlife, and (3) municipal and industrial. Water quality
standards were established to protect each use.
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The underlying principle of these standards is that water quality in the Deita should be at least as
good as those levels which would have been available had the CVP and SWP not been built, as
limited by the constiutional mandate of reasonable use. The standards, shown in Appendix B,
include adjustments in the levels of protection to reflect changes in hydrologic conditions
experienced under different water year types. Classification of water year type are also shown in

Appendix B.

California experienced record breaking precipitation in most river basins during the 1982-1983
water year (October 1982 through September 1983). Unimpaired runoff in the Central Valley was
36 million acre-feet above normal. The water year was classified "wet", as determined by the Four
Basin Index contained in Decision 1485. Delta outflows were massive, approaching 400,000 cubic
feet per second in March and remaining above 20,000 cubic feet per second through the calendar
year. These extraordinarily high flows created a natural hydraulic barrier against salinity intrusion
and the Delta remained essentially a freshwater environment. Electrical conductivity (E.C.) at
Chipps Island exceeded 200 microsiemens per centimeter (31 mg/L chioride) only once, during a
short period in August. The hydrograph of these flows is shown in Figure ?? (DWR D-1485 annual
report 1985-Figure 3 "Monthly Average Flows"). Contributing flows by the San Joaquin River, also
at record levels, are shown.

During 1983, the Department of Water Resources operated the State Water Project in full
compliance with Decision 1485 Delta standards. Sufficient water was available to satisfy delivery
requirements, and all Delta export water quality objectives were met. The unusually high Deita
outflows resulted in excellent water quality throughout 1983 at all major locations at which
standards apply.

The 1983-84 water year began with heavy precipitation in November and December, and
threatened to be a repeat of the previous record year. As SWP operation centers were adjusting
for a heavy runoff, the weather pattern changed and the above-normal first quarter was followed by
well below normal precipitation for the remaining three quarters. The State Water Resources
Control Board still classified 1984 as a wet year, because total Central Valley runoff exceeded 34
million acre-feet. Below normal runoff in April through July, however, resulted in the year being
further designated as one of subnormal snowmelt, allowing lower Delta outflow standards to be in
effect during that period.

The Delta Outflow Index is a calculated value that is taken as a relative measure of the net westerly
flow of freshwater at Chipps Island near Pittsburg. In 1984, outflow averaged above 30,000 cfs
through the end of March, easily meeting Decision 1485 standards. Delta outflows remained below
14,000 cfs from May through October. Delta salinity standards required by Decision 1485 became
controlling in June,requiring outflow to be maintained at a level substantially exceeding the
minimum outflow requirements for a subnormal snowmeit year. The Deita Outflow Index averaged
about 10,600 cfs in May, just under 8,000 cfs in June, and about 9,800 cfs in July. Sacramento
River flow standards at Rio Vista were met by wide margins in 1984. The May through July Delta
export limits of Decision 1485 were also met, although by small margins in June and July.

With the single exception of the standard at Jersey Point, all Decision 1485 Delta salinity standards
were easlly met in 1984. For a short period in late July, the mean electrical conductivity standard
of 0.45 millimhos per centimeter was approached at the Jersey Point station, but the standard was
not exceeded. This salinity distribution had remained relatively stable since the low spring
outflows.

Water year 1984-85 was characterized by fluctuations in precipitation amounts, beginning with
above normal precipitation over much of the State. November precipitation set records, with some
stations reporting over 500 percent of average. This pattern changed abruptly, however, with
record lows in January. Many stations had less than 10 percent of January averages, and several
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had no precipitation during the month. February precipitation was just slightly over half of normal
statewide. March provided near normal rainfall overall, but was light in the northern and southern
ends of the State. April precipitation was scanty again and failed to improve the water supply
situation. Although the wet beginning somewhat compensated for the later dry weather, runoff in
northern California was still below normal. San Francisco Bay streams had less than half their
water year averages, and Central Valley streams had half to three-quarters of their average flows.
Reservoir storage was variable, but generally less than the year before. The State Water
Resources Control Board classified 1985 as a "dry” year for the Deita.

Early in 1985, the Delta Outflow Index averaged slightly over 12,000 cfs, then declined gradually
through spring and summer. The average monthly index measured 8,800 cfs in March, 6,900 cfs in
April, and then was increased to 7,200 cfs in May to help reduce salinity at Emmaton. The index
continued to decline through summer, reaching a low of just under 1,900 cfs in August. Delta
outflows generally increased during the fall, and the index reached 8,400 cfs in December. Delta
outflow remained above the minimum required by Decision 1485. Sacramento River flow at Rio
Vista also remained above the minimum required by Decision 1485. Decision 1485 export
limitations were met in 1985, although by slim margins in May and Jine. The maximum
permissible SWP export for June was increased from 3,000 cfs to 3,300 cfs to compensate the
project for participating in the interagency controlled flow study earlier in the spring. With the
exception of the standard at Emmaton, all Decision 1485 Delta salinity standards were met in 1985.
For a short period in mid-May, the 14-day mean electrical conductivity standard of 0.45 millimhos
per centimeter was exceeded at the Emmaton station. From May 11 through 14, the 14-day mean
was 0.46 millimhos per centimeter.

Water year 1985-86 was a wet year but rainfall was erratic. Fall 1985 was dry but higher rainfall
followed in January 1986. A series of massive storms in mid-February produced record-breaking
runoff and much flooding. A significant portion of an average years water supply fell during a 10-
day period in February.

Despite the heavy February rainfall, the April 1 snowpack in the northern Sierra was less than
normal. Spring runoff volumes in the Sacramento River basin were about 80 percent of normal. In
the San Joaquin River basin, snowpack was above average and runoff was about 140 percent of
normal.

By year's end, reservoir storage and streamflow in the State were at or slightlyabove average. The
SWRCB Four Basin Index final classification for 1986 was “wet". The april-July unimpaired
snowmeit runoff was 5.8 MAF, which designated 1986 as a subnormal snowmelt year.

The 1986 Delta Outflow Index was erratic as the weather. During January the Index averaged
about 10,000 cfs. In early February, it had increased to about 30,000 cfs with the late January
rainfall. The Index rose with the heavy rainfall in late February and early March. The Index
averaged over 250,000 cfs peaking up to 500,000 cfs on some days. The Index then declined
gradually during spring and by June was about 9,000 cfs. During the summer it averaged about
6,000 cfs. In fall and early winter 1986, the index fluctuated at a higher level with seasonal rainfall
but generally remained below 12,000 cfs. Deita outflow and Sacramento River flow at Rio Vista
both remained above the minimums required by Decision 1485.

All Delta salinity standards in Decision 1485 and the North Deita Water Agency contract were met
during the year. Balanced water conditions were in effect in the Deita from June 21 to August 6.
These are periods mutually declared by DWR and the USBR when upstream reservoir storage
withdrawals plus other inflow are about equal to the water supply needed to meet Sacramento
Valley uses, Delta water quality objectives, and exports.
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The State Water Project was operated within the export limits imposed by Decision 1485. Mean
monthly SWP diversions were about 2,950 cfs during May and June and 3,850 cfs during July.

Floods

Flood protection from high tides and riverflow are provided by an extensive network of levees.
However, due to the age and materials used to construct the levees, many islands are susceptible
to flooding. The rich organic peat solls used as levee material are of low density and highly
compressible. They are structurally weak because they are susceptible to oxidation, wind erosion,
and fire, which have resuilted in the continuous subsidence of levees and the island surfaces. As
subsidence continues, water pressure on the levees and seepage through or under them rises,
increasing their instability.

On the channel side of the levees, wind-generated waves, boat wakes, and high water flow erode
away the slopes. Levee protection is a major concern as the collapse of some islands can cause
uncontrolled seawater intrusion further into the interior Deita if repairs are not made (Atlas Figure
29). ‘ .

Over a dozen islands have been flooded during the last eight years with some islands flooded
more than once (Atlas Figure 23).

The Delta's levees are classified as project or nonproject levees. The former meet federal
standards for flood protection and are maintained by local districts under the supervision of the
Department of Water Resources. Project levees are constructed of more stable material such as
mineral soils. Only about 35 percent of the Deita levees are project levees.

The remaining majority of levees are nonproject levees that generally meet less stringent standards
for flood protection. Many have inadequate freeboard and levee section, subsiding peat
foundations, marginal stability, seepage problems, poor maintenance, and other deficiencies. In
1980, the Department inspected the nonproject levees at 52 tracts and islands. Based on Army
Corps of Engineers standards fror project levees, 20 tracts and islands were rated as fair, 28 poor,
and 4 as very poor.

Water Exportation and Diversions

Water supplies are transferred through the Deita for export to several public agencies which have
long-term contracts with the federal Central Valley Project (CVP) and the State Water Project
(SWP). These agencies include Bay Area water agencies as well as those in the central and
southern part of the state. In addition, diversion occurs above the SWP and CVP by other water
districts (Atlas Figure 16). These supplies meet all or part of the water needs of more than 16
miilion of the state's 24 million residents and more than 4 million of the 10 million acres of
productive irrigated farmlands.

Pumping rates can have effects on water quality. For example, as the Contra Costa Canal
pumping plant #1 pumping rate increases, the salinity of water taken is lowered to nearly that of
Oid River near Rock Slough. This improvement occurs because local degraded water in Rock
Slough resulting from agricultural drainage is diluted with better quality water from Oid River.

The two largest exporters of Deita water are the State and Federal Water Projects. To protect
water rights and water quality in the Delta, the State Water Resources Control Board instructed the
Department of Water Resources and U. S. Bureau of Reclamation in developing a coordinated plan
in the operations of releasing and exporting water through the Deita from their respective facilities.
This plan was executed on November 24, 1986 and is named the Coordinated Operations
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Agreement (COA). The COA allocates the responsibility of the tow project's share of flows
necessary for maintaining Delta water quality between the CVP and the SWP.

Under D-1485, chioride standards has been set for many Deita stations for the protection of
municipal and industrial water uses (Appendix B). With respect to the CVP and SWP exports, Delta
outflow must be maintained to meet these standards and meet the export obligations.
Consequently, there are export-outflow relationships to meet water quality standards (chlorides) at
specific Delta locations designated in D-1485.

How other water quality characteristics such as total trihalomethane formation potential and
sodium concentrations are affected by Delta outflow and exports will be addressed in the Delta
Health Aspects Monitoring Program.

Flows and Patterns

Flow patterns are complex and attempts to monitor and model them have been the subject of
numerous studies by DWR and others for nearly 30 years (DWR-43). The DAYFLOW model
hydrologic scheme is shown in Figure (DWR-46). Water quality data from the Interagency Delta
Health Aspects Monitoring Program were compared against the 5 day average flow values for the
appropriate sampling dates. The DAYFLOW parameters used for the IDHAMP stations are listed
below:

Station DAYFLOW Parameter

Sacramento River QSAC

at Greenes Landing

San Joaquin River QSJR

near Vernalis

Rock Slough QSAC, QTOT, QOUT, QEXP, QEAST, QSJR
at Old River

Clifton Court Intake QDPP, QTPP, QSJR, QOUT, QEAST

Deita-Mendota Canal QEAST, QSJR, QTPP
Intake

Sacramento River QOUT, QEAST, QSAC
at Mallard Island

The DAYFLOW computational scheme and parameters are described in Appendix A.

Another tool used by DWR, the SWRCB, USBR, and Contra Costa Water District, is the Fischer
Deita Model. This model simulates hydrodynamics (water movement) and corresponding salinity
conditions in the Delta channels and Suisun Bay for time periods of up to a year or more. The
model results are based on data from a network (grid) of stations with 114 junctions representing
inflows, channel depletions, irrigation retumns, exports, and the tidal boundary (Figure ???; DWR
78). _

The Fischer model is limited to water quality with respect to salinity and rough estimates of
irrigation return flow quality and quantity. Long-term data collection on many other important
water quality parameters have been limited to DWR D-1485 and the Deita Health Aspects
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Monitoring Program. Efforts to better quantify and characterize irrigation return water is underway
through the Department's Deita Agricultural Drainage Investigation.

The Fischer Deita Model has been used to simulate the direction of channel flows under different
scenarios and assumptions. Figures ??? through ?? represent some of the possible results. For
example in Figure ???(DWR-51C) the resuits are based on CVP pumping at 4700 cfs, Contra Costa
Canal at 250 cfs, the Delta cross channel open, and no pumping at the SWP. Figure 7?? (DWR
51D) is based on the Deita cross channel open and CVP pumping at 4700 cfs, SWP pumping at
6000 cfs, and Contra Costa Canal at 250 cfs. The last example (Figure ???; DWR 51E) is based on
the Delta cross channel open and CVP pumping at 4700 cfs, Contra Costa Canal at 250 cfs, SWP
pumping at 4000 cfs, Sacramento River at 50,000 cfs, and San Joaquin River at 9000 cfs.

As exports from the Southern Delta increase from zero, there are a progression of changes in the
Deilta channels in and south of the San Joaquin River. When outflow is high and there are no
exports, flows are positive downstream in all Delta channels. When there is low outflow and no
exports, channel depletions alone are sufficient to set up reverse flows in many southwestern Delta
channel reaches. The flows tend to converge on the areas of high channel depletion. At low
export levels as in Figure ??(DWR 51C), the channel reaches subject to reverse flow become more
continuous and flow reversals extend into upper Middle River and the main San Joaquin. Asthe .
exports increase to high levels as in Figure ??(DWR 51D), the flow reversals extend downstream to
the confluence with the Sacramento River at Sherman Island. Finally, when high exports occur in
the early winter, reverse flows are confined to the Old and Middle river channels leading to the
pumps (Figure ???;DWR 51E).
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B. Observations and Relationships 1983-87
1. Total Trihalomethane Formation Potential

This analysis was performed to graphically examine the relationships between Delta tributary
stream flows, phytoplankton blooms in the Deita, brominated species of trihalomethane and total
trihalomethane formation potential (TTHMFP) of Delta water.

The analysis consisted of preparing time plots of trihalomethane (THM) concentrations, molecular
weight of bromide contained in the brominated species of THM, chlorophyll concentrations and
flow data for selected water quality stations in the Delta. The graphs were scrutinized for any
marked relationships between these parameters. A station to station comparison of THM and THM
bromide concentration was also plotted for certain stations.

All flow data used in the analysis was from the Central District's computer program called
DAYFLOW. This program contains flow data (stream measurements) for all Delta tributary streams
and calculates the net Deita outflow on a daily basis. The program uses a daily estimate of in-
channel use for Delta channels and this estimate is probably not very accurate during periods of
above or below average climatological conditions. District personnel are currently working to
improve this aspect of their program. Chlorophyil data was obtained from the DWR D-1485
Monitoring Study. Trihalomethane data used in the analysis was collected at monthly intervals.
Occasionally, a data points are missing due to some oversight in the collection or analysis of the
sample. The graphs are generally grouped by the type of data plotted. For example, THM data
and THM bromide data are displayed in one group of plots because their period of record is longer
then the records for flow and chlorophyll. The THM data is then plotted again on graphs along with
flow and chiorophyll data for the purpose of examining the relationships between the parameters.
The period of record available for flow data was July 1983 through September 1986. This is the
shortest period of record plotted and limits the time period for which other parameters can be
compared to flow. Chlorophyll data was available for July 1983 through December 1986 and THM
data was available for July 1983 through December 1987.

Certain distinctive events occurred during the study period that could have affected changes in
Deita water quality. The relationships between some events and quality changes are obvious while
others are obscure.and uncertain. These events and associated comments are provided below by
calendar year.

1983

This year was classified as wet and San Joaquin River flows remained above 8,000 cfs all year.
Chiorophyll levels remained below 10 ug/L in the southem Deilta.

1984

Initial and most intense phytoplankton bloom of the year peaked June 11th. Chiorophyill levels
reached 75 ug/L. Second bloom peaked August 10th with a chiorophyil level of 36 ug/L. The
third bloom peaked September S5th with a chiorophyil level of 24 ug/L. Blooms were located
between San Joaquin River and Clifton Court. Taste and odor problem and clogging of sand filters
were experienced by Santa Clara Valley Water District and Contra Costa

A barrier was installed in Old River between the San Joaquin River and the Tracy Pumping Plant
intake on September 8th. The Department of Fish and Game.requested installation of the barrier to
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restrict fiow in Old River and increase flow in the San Joaquin River past Stockton. Fish and Game
requests the DWR to install the barrier when low dissolved oxygen levels threaten the fishery in the
Stockton Ship Channel. The flow increase, caused by the barrier disperses and moves the low
dissolved oxygen water out of the channel. Fish and Game had requested that the barrier remain
in place until November 30th but removal of the barrier on October 19th was required due to levee
erosion. When the barrier Is in place, the flow split between Old River and San Joaquin River is
about 27% and 73% respectively. These values are generally reversed without the barrier. No
changes in Delta water quality were observed during the time the barrier was in place.

1985
Most intense phytoplankton bloom occurred in mid-May. Chiorophyil levels were near 90 ug/L.

In an attempt to promote alga growth and thereby provide a larger food supply for Deita fishery,
Fish and Game requested a curtaiiment in water exports. Purpose of the curtailment was to slow
water movement in the Deita when phytoplankton bloom conditions were optimal. This experiment
began during the third week of March and ended the second week of April. Results of the
experiment were inconclusive as no significant bloom occurred during that time. Fish and Game
have not requested a repeat experiment and may not desire to further pursue this scheme. Had
the experiment been successful, the DWR and the water contractors could have been confronted
with conflicting water use requirements. While a phytoplankton bloom producing a larger food
supply is desirable for the fishery, the potential for taste and odor problems, filter clogging and
increased TTHMFP could be crucial to South Bay Water Contractors.

1986

Record breaking rainfall occurred during a 10 day period in February. Generally, TTHMFP levels
increased in January due to some early rains and the increase continued into February during the
Initial runoff from very heavy precipitation. Following this initial runoff period TTHMFP levels begin
to decline.

in the central Delta a phytoplankton bloom occurred in June that raised the chlorophyil level to 100
ug/L. A bloom occurred in the southemn Deita that increased the chiorophyli level to 40 ug/L.

1987

At this time no data is available regarding phytoplankton blooms. The Old River barrier was
installed and removed during the months of October and September.

To provide a quick guide to key flow information Figure THM-1, shows flows for the Sacramento
and San Joaquin rivers, Delta Outflow Index and runoff to the Delta resulting from precipitation.
Data is from DWR DAYFLOW computer program.

San Joaquin River Near Vemalis

The level of THM bromide in the San Joaquin River is, by far, the highest of all the fresh water
tributaries to the Delta. Figure THM-2, shows TTHMFP and THM bromide During the study period
THM bromide ranged from 12.2 to 198.2 ug/L and averaged 71.7 ug/L. TTHMFP ranged from 207
to 1,476 ug/L and averaged 496 ug/L. The river, under normal conditions, includes a high
percentage of agricultural drainage which contains a significant level of bromide. High levels of
bromide in drainage water from some parts of the San Joaquin Valley has been confirmed
previously by analyses of San Luis Drain water. The graph, Figure THM-3, showing the TTHMFP,
THM bromide and San Joaquin River flow indicates that THM bromide usually increases and
decreases with TTHMFP except during periods when the San Joaquin river flow has greatly
increased. Because the molecular weight of bromine Is about twice the weight of chiorine, it is

3




dpesine

s

33

more likely that TTHMFP increases with an increase in bromides. During the higher river flows,
which also coincide with precipitation, the TTHMFP increases but THM bromide decreases in
concentration. This event occurred three times during the study period. The date of those
occurrences were March 1983, January 1984 and March 1986. Presumably, surface runoff adds
THM precursors but no significant amount of bromide.

Figure THM-4, shows the chlorophyll and TTHMFP values for the period of record. There is a very
good direct correlation between the two parameters when the chiorophyll levels are greater then

20 ug/L.

Levels of Chlorophyll greater then 20 ug/L are considered to represent a major phytoplankton
bloom. Early in this program samples were collected at certain Delta stations for purposes of
determining the effect of biomass and suspended materials on TTHMFP. Each station sample was
split into two samples, one was filtered and the other was left unfiltered. They were then analyzed
for TTHMFP at the laboratory. Results of these analyses showed no meaningful differences
between the two samples. However, these samples were collected during the months of October
1981, November 1981 and January 1982, periods in which a major bloom did not exist. In view of
the findings of this data analysis, further investigation of filtered vs unfiltered samples should be
performed during biloom conditions.

Sacramento River at Greens Landing

The Sacramento River at Greenes Landing graph, Figure THM-5, shows the TTHMFP and THM
bromide for the period of record. This graph demonstrates that Sacramento River water is low in
bromide and would not be a source of the higher bromide levels found in the lower Delta. The
explanation for some of the high TTHMFP values in the Sacramento River during certain months of
the year is unknown and needs further study. Figure THM-6, shows TTHMFP, Sacramento River
flow and chlorophyll. Some of the peak TTHMFP values are a consequence of the first significant
rainfall which carries decaying organic matter into the river and tributary streams. Some peak
TTHMFP values during other times of the year may be due to releases of water from rice fields
above the City of Sacramento. The rice field releases are usually made during mid-August through
September.

Figure THM-7, shows the TTHMFP and chlorophyil for the complete chiorophyll record. There may
be a slight correlation of TTHMFP to chlorophyill, but it seems doubtful that the relationship could
be defined given the other sources of THM precursors and the rate of flow at this station.

During a seven month period, November 1985 through June 1986, DWR's Northern District
collected samples, on three separate occasions, from the Sacramento River for TTHMFP analyses.
The samples were collected from four locations along the Sacramento River between the town of
Anderson, upsteam, and Elkhorn Ferry, downstream, which is a short distance above the city of
Sacramento. Figure THM-7A is a map showing the sampling locations. Samples were also
collected from Sutter Bypass, Colusa Basin Drain and Feather River near Verona. TTHMFP values
increase in the downstream direction between Anderson and Elkhomn Ferry. Averages of the
Sacramento River data show the most upstream station was 219 ug/L TTHMFP while the Elkhon
Ferry station was 373 ug/L TTHMFP. This represents a 70 percent increase or 154 ug/L of
TTHMFP between the two stations. The average TTHMFP for Sacramento River at Greenes
Landing during the same months in which analyses were made for the Elkhorn Ferry station was
554 ug/L. One sampling date, June 25, 1986, coincided for the Elkhorn Ferry and Greenes
Landing stations. On that date TTHMFP concentrations were 233 ug/L and 1,005 ug/L
respectively. Analyses from the Sutter Bypass station averaged 581 ug/L TTHMFP and the Colusa
Basin Drain averaged 700 ug/L TTHMFP. Both of these systems contribute precursors to the
Sacramento River. One sample was collected from the Feather River station near Verona. The
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TTHMFP concentration was 195 ug/L, near the same level as the Sacramento River near
Anderson.

During the period of study TTHMFP values at Greenes Landing ranged from 131 to 1,110 ug/L and
averaged 324 ug/L. THM bromide ranged from 3.4 to 16.3 ug/L and averaged 7.7 ug/L.

A more detailed study of Sacramento River inflows is needed to better understand the sources of
THM precursors. Also, waste effluents, both municipal and industrial, that are discharged to the
river or its tributaries should be reviewed and possibly sampled for TTHMFP.

Sacramento River at Mallard Island

Sacramento River at Mallard Island is the most bayward station monitored. Monitoring at the
station did not begin until May 1985 and has a shorter period of record than other stations. Since
1985 was a dry year and Delta outflows were low, water at this station contained a considerable
amount of sea water (EC 10,000+ umhos). Figure THM-8,shows TTHMFP, THM bromide and
Delta outflow. The high proportion of brominated species at this station, demonstrates the
influence of sea water. Also, THM bromide levels increased at the Rock Slough and the Clifton
Court stations on Old River during this same time period. In February of 1986 heavy precipitation
resulted in very high Delta outflows which moved the saline water out of the Delta. Bromide levels
declined to less than 100 ug/L during this period. The high outflows lasted until May 1986. After
May the Delta outflow began to decrease and by July the net Delta outflow only averaged 4,324 cfs
for the month. The THM bromide levels began to increase and peaked at over 1,000 ug/L in
September. TTHMFP levels at this station increase when low Delta outflows exist that allow bay
water to move to this location. As stated in the discussion of the Vernalis station, the TTHMFP
increase is mostly due to the higher molecular weight of bromine. During the heavy precipitation in
early 1986 the resulting high Delta Outflow pushed the sea water out of the area and the TTHMFP
decreased from a high of over 1300 ug/L to about 600 ug/L. During the study period the TTHMFP
ranged from 471 to 1359 ug/L and averaged 850 ug/L. THM bromide ranged from 14.9 to 1206.4
ug/L and averaged 617.7 ug/L.

Figure THM-9, shows chlorophyil plotted with TTHMFP. There was only one period when
chlorophyll exceeded 20 ug/L. This occurred in June 1986 and was near the end of several
months of high flow in the Sacramento and San Joaquin rivers. Since chlorophyil data was not
collected on the same day as TTHMFP, the high rate of mixing and water exchange may be one
reason for lack of correlation.

American, Cosumnes and Mokelumne Rivers

TTHMFP and bromide concentrations in these rivers are considerable lower then in the
Sacramento and San Joaquin rivers. Figure THM-10 shows TTHMFP for the Cosumnes and
Mokelumne rivers. There was one exceptionally high TTHMFP value in the Cosumnes River in
December 1983. The TTHMFP concentration was 837 ug/L and was probably due to surface
runoff caused by heavy precipitation that occurred at that time.

TTHMFP in the American River ranged from 154 to 387 ug/L and averaged 236 ug/L. THM
bromide ranged from 1.5 to 9.9 and averaged 3.5 ug/L. Figure THM-11 shows TTHMFP for the
American and Sacramento rivers. The graph provides a comparison of the two streams. As can
be seen on the graph some of the TTHMFP peaks coincide. Further investigation would be
required to understand why this takes place.

TTHMFP in the Cosumnes River ranged from 135 to 837 ug/L and averaged 251 ug/L. THM
bromide ranged from 1.9 to 6.1 ug/L and averaged 3.8 ug/L.

TTHMFP in the Mokelumne River ranged from 115 to 425 ug/L and averaged 250 ug/L. THM
bromide ranged from 1.5 to 4.5 ug/L and averaged 2.4 ug/L.
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Agricultural Drainage From Delta Islands

Agricultural drainage of three Deita Islands; Empire, Grand and Tyler were monitored during the
study period. Figure THM-12 shows TTHMFP values for all three islands for comparative
purposes. Figure THM-13, THM-14 and THM-15 shows TTHMFP and THM bromide for Empire
Tract, Grand Island and Tyler Island respectively. Drainage from all of the islands contains high
concentrations of TTHMFP and THM bromide. The graphs show large fluctuations in TTHMFP.as
would be expected in agricultural drainage. Empire Island TTHMFP ranged from $98 to 7458 ug/L
and averaged 2945 ug/L. THM bromide ranged from 21.7 to 1239.1 ug/L- and averaged 454.4
ug/L.

Grand Island TTHMFP ranged from 273 to 3636 ug/L and averaged 1517 ug/L. THM bromide
ranged from 9.3 to 91.7 ug/L and averaged 34.6 ug/L.

Tyler Island TTHMFP ranged from 1064 to 4293 ug/L and averaged 2115 ug/L. THM bromide
ranged from 24.3 to 169.0 ug/L and averaged 58.3 ug/L.

Old River at Rock Slough, Clifton Court and Delta Mendota Canal Intake

These stations are the major points of water export from the
Delta. All are located on Old River and exhibit similar water quality characteristics. Because of
these similarities, these three stations are discussed together.

TTHMFP at Rock Slough ranged from 225 to 775 ug/L and averaged 469 ug/L. THM bromide
ranged from 8.4 to 281 ug/L and averaged 63.7 ug/L. Figure THM-16 shows a plot of the TTHMFP
and THM bromide and Figure THM-16A shows TTHMFP, chlorophyll and Delta outflow for this
station. Delta outflow was negative (reverse flow) late in 1985 which was a factor in increasing
THM bromide and TTHMFP at that time.

TTHMFP at Clifton Court ranged from 174 to 910 ug/L and averaged 463 ug/L. THM bromide
ranged from 14.2 to 250.1 ug/L and averaged 58.3 ug/L. Figure THM-17 shows a plot of TTHMFP
and THM bromide and Figure THM-17A shows TTHMFP, chlorophyll and Delta outfiow for this
station. Again at the Rock Slough station effect of the negative outflow on THM bromide and
TTHMFP is apparent.

TTHMFP at Delta Mendota Canal Intake (DMC) ranged from 222 to 797 ug/L and averaged 479
ug/L. THM bromide ranged from 14.2 to 201.4 and averaged 66.4 ug/L. Figure THM-18 shows
the TTHMFP and THM bromide for this station.

Timing of fluctuations in and values for TTHMFP and bromide are very similar for Clifton Court and
Delta Mendota Intake. Figure THM-19 shows Clifton Court and Delta Mendota Intake TTHMFP
plotted together to exhibit their similarity. With few exceptions, the concentrations of THM and
bromide are a product of the quality of water and volume of flow in the Sacramento and San
Joaquin rivers. The high quality of water entering the Delta by way of the Cosumnes and the
Mokelumne rivers should have some favorable impact on water quality at the subject stations. But,
because of their low flow volume the effect is not discernable.

Factors other then the major river inflows that adversely effect Delta water quality are agricultural
drainage from Delta Islands, phytoplankton blooms in the southern and central Delta and reverse
net outflows that allow sea water intrusion to occur. Figure THM-20 shows THM bromide data
plotted for Clifton Court and Vernalis. The effect of sea water intrusion can be easily recognized
from the plots of bromide data. Higher concentrations of bromide at Rock Slough (see Figure
THM-16) and Clifton Court during the last six months of 1985 are the result of the reverse fows.
This intrusion entered Old River as far as Clifton Court, but did not reach the DMC intake in
significant amounts.
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Chlorophyil data was collected at Clifton Court and near Rock Slough. Figure THM-21 shows

TTHMFP and chlorophyil data for Clifton Court and Figure THM-22 shows the same data for Rock - st

Slough. The graphs of this data show increase TTHMFP values in response to the bloom
conditions at both stations.

Figure THM-23 was prepared using Clifton Court chlorophyll and DMC TTHMFP data. The same
direct TTHMFP increase response to increased chliorophyll concentrations was evident. While
these responses are obvious on the graphs, there is, in several instants, a month time lag between
the peak chlorophyll and TTHMFP values. The lag is a result of the chlorophyil and TTHMFP
samples not being collected at the same time of the month. Dates of sampling are marked on the
graphs Future studies should include coordinated monitoring of TTHMFP and chlorophyil data.

Based on the data collected to date, it appears that during the normal type water year, the major
source of THM precursors and bromides at the export stations is from the San Joaquin River which
averaged 172 ug/L TTHMFP higher than the Sacramento River. To illustrate the differences
between TTHMFP sources, Figure THM-24 was prepared showing TTHMFP at Greenes Landing,
Vernalis and Rock Slough. THM bromide averages for the San Joaquin and Sacramento rivers
were 71.7 and 7.7 ug/L respectively. Figure THM-25 was prepared showing THM bromide data for
Mallard Island, Vernalis, Clifton Court and Greenes Landing.

Anocther source of THM precursors and bromide, currently under investigation, is the agricultural
drainage from local islands: Although, this source has not been quantified, TTHMFP and THM
bromide values collected from the agriculture drains are of a magnitude to cause concern.

2. Characteristics of Water Sources

The chemistry of a water source is the result of the mineralogy and chemical input of the
surrounding environment. When water sources from different areas are chemically characterized,
changes attributed to mixing can be measured. Standard practices include the measurement of
salinity, electrical conductivity, and concentrations of natural and synthetic tracers such as
elements, dyes, and contaminants. In the lower Delta, E.C. measurements can reflect bay water
and land derived salts mixing with upstream freshwaters. Discriminating the sources cannot
always be accurately made with E.C. measurements alone when multiple sources of highly saline
water exist.

In studying the effects of bay water intrusion and freshwater flow on Delta export water quality, the
comparison of specific molar ion ratios appears to be a useful tool in addition to E.C. and
concentration measurements in identifying the sources and mixing of water types.

In open ocean waters the relative abundance of major ions is nearly invariant regardless of salinity
differences. The major ions in seawater are shown in Table ?7? (Major Constituents of Seawater)

Sodium and chloride are the major ions in seawater with concentrations of about 10,500 mg/! and
19,000 mg/I, respectively. The molar ratio of Na to Cl is about 0.85. Ratios with other constituents
such as calcium, potassium, magnesium, and sulphate can also be useful. However, analyses for
these ions in Delta waters began recently. Meanwhile, sodium to chloride molar ratios will be used
as the conservative behavior of these two highly water soluble elements make them good tracers.

When the mean molar ratios of two distinct water sources are plotted on a line graph, mean ratios
between these two values represent the theoretical mixing of the two water types. In figures (???
Theoretical Mixing Lines) the molar Na:Cl ratios at Sacramento River at Greenes Landing and at
Mallard Island are used to represent major freshwater and baywater sources, respectively. Molar
ratios of some Delta stations known to have water quality resulting from these two major water
sources are plotted along the line joining the Greenes Landing and Mallard Island molar ratios.
The y-axis (percent mixture) indicates the theoretical proportion of fresh and bay water at the
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stations. The graph Is used as a simple approximation and excludes the effects of Delta
agricultural drainage and flow patterns at the stations. However, it is interesting to observe the
relative similarities in molar Na:Cl ratios at some stations under different hydrologic conditions.

The average sodium:chloride molar ratios at Mallard Island ranged from slightly above 0.8 to as
much as 1.2 depending on seasonal hydrology (Figure ??? "Theoretical Mixing by Calendar
Quarter” figure and Table ??? “lon Ratios by Calendar Quarters®). The higher ratios were observed
when Delta outflows were exceptionally high during the record flows of February and March 1986.
When Deilta outflow was low, the molar ion ratio resembled seawater as Mallard Island water
quality is subject to tidal excursions. The ratios could, therefore, be used to identify the
geographical extent of a salinity wedge and to estimate the amount of bay and fresh water mixing
at a location. .

Sacramento River at Greenes Landing sodium and chloride water concentrations are more variable
than in the open ocean. Molar Na:Cl ion ratios averaged from 2.3 to 2.5 for the first, second, and
fourth calendar quarters. The mean ratio was higher at about 2.9 for the period of July through
September. However, because freshwater is significantly lower in sodium and chloride
concentrations than in seawater, small changes in their measured concentrations effect the
calculated ratios significantly making them appear to be more variable. Nevertheless, the molar
lon ratios along with other water quality data enables water characterization of this station and
others. :

The plotted mean Na:Cl molar ratios show that much of the water in the CVP and SWP and
surrounding stations (Rock Slough, Middle River) are more chemically similar to Mallard Island
water than Greenes Landing water. However, the lower ratio could also be attributed to
agricultural drainage during certain times of the year. Ratios of water taken from the San Joaquin
River near Vernalis station also indicated saline water but not as a result of seawater intrusion to
the Vernalis station. The similarity in ratio can be explained by the fact that the major water source
for the San Joaquin River is the CVP and SWP. The ratio, therefore, shows CVP and SWP waters
being returned to the Delta via the San Joaquin River from Central Valley agricultural drainage.
The slightly higher molar ratio at Vernalis is likely due to the mixture of upstream freshwater
releases (e.g. Merced, Tuolomne) with agricultural drainage. Data collection upstream of Vernalis
at the other tributaries would significantly improve characterizing the Vernalis mixture.

Molar ion ratios in Delta agricultural drainage are more difficult to understand as there is much
more variability attributed to soil composition, applied water volume, and channel water quality.
Data to characterize water quality of Delta drainages are extremely limited to a few tracts and
islands. Depending upon location, time, and hydrologic conditions, the chemical molar ion quality
of drainages will be dependent on the applied water quality and use of farm chemicals and soil
amendments. For example, calcium and sulfates are salts typically used in a variety of farm
chemicals. Studying the mineral quality of drainage will help identify and assess their impact on
water quality. Some data collection efforts are underway by the Department’s Delta Agricuitural
Drainage Investigation and in this program but more stations need to be established.

Yearly Observations

For most stations, water quality monitoring began in July 1983. Water year 1983 was classified as
wet with the March average almost reaching 400,000 cfs and remaining above 20,000 cfs through
the calendar year. The high flow created a strong natural hydraulic barrier against seawater
intrusion and the Delta as seen by low E.C. values and high molar ratios. Ratios were 1.3t0 1.5
from July through December at the Banks Headwords and Clifton Court Intake (Table ??7?; "lon
Ratios at Banks Headworks and Clifton Court intake®). Electrical conductivity were generally less
than 300 at the two stations (Figure ??? "Electrical Conductivity 1985-87 Mallard Island, Rock
Slough, and Clifton Court intake stations). Molar ratios appeared steady at the other Deita stations
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and corresponded with steady flows during the last half of the year (Figure ??? "Molar lon Ratios
1985-87 Mallard Island, Rock Slough, and Clifton Court intake stations®).

In 1984 the Deita Outflow Index averaged above 30,000 cfs through March but then fell below
14,000 cfs from May to October. Summer flows were 10,600 cfs in May, 8,000 cfs in June, and
9,800 cfs in July. Molar ratios at Banks and at the Clifton Court Intake were above 1.3 except for
June when the Banks ratio was about 1 corresponding to the low June Deita outflow.

In 1985 the ratios at Rock Slough at Oid River corresponded to QSAC 5-day averages. The ratios
rose from about 1.4 to 1.8 in January through April, thereafter, steadily falling to about 1. The 5-
day QSAC flows gradually declined from June to November. Water year 1985 was classified as

being dry.

At Mallard island the ratio was steady at 0.9 to 0.8 from May to December. There was no data to
calculate ratios prior to May 1985 at this station. The 5-day QOUT flows were calculated to be near
zero or negative, thereby, indicating a reverse flow condition. At Vernalis the ratio fell from 1.7 to
1.3 corresponding to QSJR flows falling from about 4000 cfs in January to 2000 cfs in December.
The lower ratio could be attributed to the return of CVP and SWP waters via agricultural drainage.

Vemalis E.C. resembled export water E.C. during the last half of 1985 suggesting that the San
Joaquin River might have been a major source of export water (Figure ??? "Electrical Conductivity
1983-87 Vernalis, DMC, and Banks stations”). The molar salt ratio differentiated between the water
types leading to the conclusion that the quality of export water was more similar to water flowing
into the southern Delta through Old and Middle rivers as QSJR flows were relatively low and
unchanged from 1984 (Figure ??? "Molar lon Ratios 1983-87 "Vernalis, DMC, and Banks stations").

The molar ratios at Banks and Clifton Court intake reflected the low outflows and higher salinity
conditions as ratios were high (1.3-1.4) during the early months of the calendar year but
progressively decreased after July with ratios under 1 in October through December.

February 1986 will be remembered for the historic rainfall that resulted in extensive flooding in the
Sacramento Valley. The ion ratios at Mallard Island rose from 0.8 to 1.5 reflecting the increased
freshwater flows. The ion ratio returned to about 0.85 in May and stabilized through September
1986.

The high March flows led to high molar ratios (1.3 and higher) at Banks and the Clifton Court
Intake. Clifton Court intake water resembled Rock Slough water through August.

The Vernalis station ratio peaked to 1.6 in March corresponding to high QSJR flows of about
24,000 cfs. The ratio then declined as QSJR flows fell.

Monthly molar ratios reflected the dryness of 1987 as June through December ratios were less
than 1.1 at Banks and the intake.

As more data are collected under different hydrologic setting and at more stations in the interior
Delta, It will become more possible to measure the effects of Delta outflow, bay water intrusion,
and agricultural drainages on export water quality.

3. Clifton Court Forebay Water Quality

Clifton Court Forebay serves as a storage facility for Deita water pumped by the State Water
Project. The shallow Forebay averages about 30 feet deep and has a storage capacity of 31,260
acre-feet. Water enters through the Clifton Court intake via gates operated by DWR. Precipitation
is the only other known input of water. Exportation begins when water is pumped out by the
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Harvey O. Banks Pumping Plant. Data were examined to assess water quality changes that might
be attributed to biological productivity and mixing in the Forebay.

A preliminary analysis showed no data for water samples taken inside the Forebay. Analysis is
therefore limited to data taken at the intake and Banks Headworks. Daily pumped volumes and
monthly water quality data collected from the intake and Headworks were examined. The daily
flow data were used to calculate monthly exchange rates and water residence times in the
Forebay. The daily flow records showed that pumping at Banks and at the Forebay intake were
closely synchronized and about equal in volume to achieve near steady state when pumping
occurred. Statistical computations were made to compare the flow volumes by month. The daily
low, high, average, and standard deviations by month were computed. However, because of the
large range of dally flows within some months, the average values and monthly exchange rates
and water residence times may not accurately reflect the true operating conditions in the Forebay
for that particular month.

Table ??? ("Clifton Court Intake and Banks Headworks Pumping Data®) shows the low, high,
monthly total, mean, and standard deviation of pumping at the Forebay Intake gates and Banks
Headworks in acre-feet and average monthly exchanges of water and residence time of Forebay
waters. The water residence time was estimated by dividing the Forebay volume (31,260 A.F.) by
the mean daily pumped volume. The exchange rate was estimated by dividing the monthly total
volume pumped by the Forebay volume (31,260 A.F.).

The median residence time is about 5 days and median volume of water exchanged per month
about 5. The highly variable pumping schedule can be seen by the range of high and low daily
volumes for some months. Pumping ceased on some days and exchanged volumes were less
than 1 when there was no pumping for several days. For example, in April 1983 about 7,000 A.F.
was the total volume pumped. Molar ion ratios are shown in Table ??? (Molar Sodium to Chloride
lon Ratios by Month and Year—Banks and Clifton Court intake®). The table shows the months
when bay water was exported more frequently during different water year types.

The effects of reduced circulation in the Forebay on SWP water quality was examined with the
limited data available. The total THM formation potential changes at Banks from the Forebay
Intake were compared by month (Table ??? "Total THM Foramtion Potential Concentrations by
Month and Year—-Banks and Clifton Court intake®). Table ??? (Chloroform Percentage by Wt. of
TTHMFP by Month and Year at Banks Headworks and Forebay Intake) shows the percentage of
chioroform in TTHMFP analyses of monthly water samples at the two stations. Chloroform was
chosen for study as the higher percentage by weight of chioroform indicated more freshwater in
the Forebay as brominated THMs tend to correlated with sea water.

At Banks and the Intake, the higher chioroform percentages (70 percent or better) correlated with
the wet year water quality of 1982, 1983, 1984, and 1986. The effects of drier year water quality
conditions were seen for 1985 and 1987 as chioroform percentages were less than 70% in the late
summer and fall. ‘

Total THM and brominated THM concentrations over time are shown in Figure ??? ("Clifton Court
and Banks Pumping Plant® with legends for THM and Br).

4. Pesticides

Through a selection protocol based on pesticide usage pattemns and environmental behavior,
water samples are collected for specific pesticide analyses (Appendix D: Pesticide Monitoring
Selection Scheme). The data are used to identify potential contamination to raw water supplies
and at treatment plants. Attention is focused on chemicals that might present treatment difficulties,
such as the highly water soluble compounds. Less soluble compounds tend to be removed more
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readily by flocculation, settling, and fiitration processes because they are generally associated with
suspended particulate matter such as silt and clays.

The selection protocol produces a site- and time-specific target list of pesticides for monitoring to
improve chances of detecting any chemicals in the water and to eliminate the need for expensive
broad scans for hundreds of chemicals. Instead, the target list includes specifically named
chemicals and those detectable under the same analystical method. The target lists are developed
from the California Department of Food and Agriculture annual pesticide use database, which were
sorted by counties and chemicals. chemicals that are water soluble or in high use are identified for
each watershed and county where sampling locations are located. The period of application or
use of each chemical is also included in the database. Identified chemicals then appear on the
monthly target lists for each sampling station.

Sampling primarily focused on the application period (summer), with a sampling run in winter (first
major runoff event), and a run In early spring (pre-emergent herbicide applications).

The resuits are shown in Tables 7???. Laboratory quality control and quality assurance results are
in Appendix E: Laboratory Quality Assurance.

Almost all of the targeted chemicals were below the analytical detection limit by the laboratories
under contract to the Department for this study. Starting in July 1987, Enseco (formerly California
Analytical Laboratories) Laboratories became the contract laboratory under the state bidding
process. Prior to then, the contractor was Clayton Environmental Consultants (formerly McKesson
Environmental Services). Laboratory quality assurance data with Clayton were reported in
previous reports of this study during 1987.

Reported chemicals were generally below the State Action Levels for drinking water or were near
the low level detection limits of the laboratories. These results indicate that pesticide contaminants
are not a major problem to the drinking water quality of Delta water supplies.
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C. Future Export Water Quality Conditions

The drinking water quality of the Delta water supplies could change in the near future as a result of
new construction and water project operations. Some of these proposals are briefly discussed.

1. Proposed Construction Projects
a. Bedford Deita Island Project

The Bedford Properties, Incorporated Delta Island project is a proposal to create water storage
reservoirs to impound high winter flows on four Delta Islands. Water would be diverted onto the
islands only during periods when the Delta is uncontrolled by State Water Resources Control
Board Decision 1485. The stored water would be released during late spring and early summer
months when river inflow is low. Discharge from the islands would be completed by late July.
Stored water would be sold to the California Department of Water Resources and/or the U. S.
Bureau of Reclamation, who would in turn market the water for municipal and agricultural
purposes. During the months (August-December) when water is not stored on the islands, they
would be revegetated and operated for private duck hunting clubs. The land would be managed to
produce wet- land vegetation and would be shallowly flooded in the autumn for waterfowl habitat
and hunting.

Applications to the SWRCB Division of Water Rights to appropriate 382,520 acre-feet of water for
the project. Bedford have been submitted along with applications to the U. S. Army Corps of
Engineers for the construction of siphons and docks pertaining to the project. Except for the
locations of intake siphons and discharge pipes, the project would affect only the resources on
the interior sides of levees. An Environmental Impact Study is currently underway and numerous
permits from a variety of agencies need to be obtained for approval.

The Delta Island Project would be located on Bouldin Island, Webb Tract, Holland Tract, and
Bacon Island (Figure 1). The following water storage facilities are proposed for each of the
islands:

Bouldin Island: Bedford Properties propose to construct a levee on the south side of Highway 12
across Bouldin Island and create a 96,000 acre-foot capacity reservoir with a surface area of 4,630
acres between the new levee and the existing levee on the south side. The reservoir would be
created by gravity flow from Little Potato Slough, the Mokelumne River, the San Joaquin River, and
Potato Slough by various existing pipe siphons. The maximum rate of diversion to offstream
storage would not exceed 3,000 cubic feet per second (cfs)

Webb Tract: A 106,$00 acre-foot capacity offstream reservoir with a surface area of 5,260 acres is
proposed. The reservoir would cover all of the property located within Webb Tract. Water would
be diverted to the reservoir by gravity flow from Old River, False River, Fishermans Cut, and the
San Joaquin River by various existing siphons and gates in the existing levees. Ten 48-inch
diameter pipe siphons would be constructed. The maximum rate of diversion to offstream storage
would not exceed 5,000 cfs.

Holland Tract: A 69,050 acre-foot capacity offstream reservoir with a surface area of ,100

acres is proposed and would cover all of the property located within Holland Tract. Water would
be diverted to the reservoir by gravity flow from Holland Cut, Rock Slough, Sand Mound Slough,
and Rooseveit Cut through various existing siphons and gates inthe existing levees and four
proposed 48-inch diameter pipe siphons. The maximum rate of diversion to offstream storage will
not exceed 3,000 cfs.
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Bacon Island: Bedford would create a 110,570 acre-foot capacity offstream reservoir with a
surface area of 5,450 acres. The proposed reservoir would cover all of the property located within
Bacon Island. Water would be diverted to the reservoir by gravity fliow frcm Middle River, Santa Fe
Dredge Cut, Old River, and Connection Slough via various existing siphons and gates inthe
existing levees and 10 proposed 48-inch diameter pipe siphons. The maximum rate of diversion to
offstream storage will not exceed 5,000 cfs. The main point of the diversion would be at
Connection Slough.

Bedford proposes to flood the islands starting on or about January 1 of each year in which
appropriated water Is available. The depth of flooding would vary between 3-4 feet above sea
level, depending on the characteristics of the particular island. Water would be held at that level
until approximately May 1. At that time, the stored water would be pumped back into the natural
channels for use by the DWR and the USBR in fulfilling the obligations of water contracts.
Pumping would continue until the islands have been dewatered to a moist soil condition. They
would remain in this state throughout the balance of the summer months to encourage the growth
of waterfowl food plants. Water will not be diverted for storage between May 1 and December 15
of each year.

The applicant intends to divert water under a riparian claim to maintain wetland habitat on the
islands between July 31 and December 15. Riparian water will be diverted as needed to flood
parcels for waterfowl habitat and duck club use between September 15 and the time of refiooding
the islands for water storage after December 15.

On each island, Bedford Properties proposed to develop private duck hunting clubs consisting of a
clubhouse and related facilities. The islands would be revegetated in the summer and managed
during fall and early winter to maximize wildlife usage and hunting opportunities for club
members.

In view of the size of the project, potential for increased total THM formation potential, and
proximity to the SWP and CVP, water quality is a major concern.

b. South Delta Water Problems

Agriculture in the southern Delta relies heavily on south Deita channels for crop irrigation.
Problems resulting water levels, circulation, local drainage, and inflowing channel water quality
have occurred.

Pumps and siphons used to take water from the channels need adequate draft. To maintain
sufficient water in the Tom Paine Slough area during low tide, a tidal gate has been installed at the
lower end. However, inspite of high tides, at times there is insufficient head on the outside of the
slough to force water into the slough for local diversion. This condition is further aggravated by the
CVP and SWP diversions during high tides.

in the Middle River area because of siit buildup at its upper reach, the river can go dry when local
diversions exceed the river's capacity to convey water to the diversion points. In this case, the
condition is exacerbated by CVP and SWP diversions at low tides.

Channel water quality problems occur because of the inflow of San Joaquin River and local
agricultural drainage returns resuiting from poor circulation. High local diversion rates pull water
from both ends of the channel where irrigation return discharges occur (Figure ???; DWR-347).
This cycling results in undesirable water quality for crops.
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In response to these problems, both the Department and Bureau of Reclamation have been
working with the South Deita Water Agency In implementing interim solutions and a plan for a
permanent solution.

Interim mitigation provides for dredging and construting needed siphons in Tom Paine Slough and
buliding a seasonal tidal barrier in Middle River (Figure 7??; DWR-349-Figure 2). In addition, the
Department will operate the Clifton Court intake gates according to criteria defined in the interim
agreement (Appendix G). ‘

The Bureau agreed to release water from New Melones Reservoir to maintain at the San Joaquin
River near Vemalis station: (1) a 7-day running average minimum of 500 cfs, (2) a 14-day running
average TDS of 450 mg/1 throughout the April-October irrigation season, and (3) meet other
criteria in the interim agreement.

Permanent solutions are under study (Figure 7??; DWR-349--Figure 3). A combination of
alternatives include:

Physical Facilities

Middle River tide gate
Near Highway 4
Near Tracy Road Bridge
Old River tide gate with boat lock
Flow restrictors
Grant Line Canal tie gate with boat lock near DMC intake
Tom Paine Slough pumps and siphons
Additional intake to Clifton Court Forebay
Enlarged Clifton Court Forebay with new gate at north end

Dredging

Tom Paine Slough

Old River West of Sugar Cut

Middle River between Old River and Highway 4
Victoria Canal and Middie River north of Highway 4

Modification of Project Operations

With respect to drinking water quality, it is uncertain how export water quality might be affected in
the future. In a special study of Old and Middle River mineral quality during different tide stages, a
high saline source of water near Victoria Canal was observed in (October??) 1986. A combination
of San Joaquin River and local drainage are the suspected source. Samples for trihalomethane
formation were not collected so there is no data to indicate If there might also be a high THM
precursor source.

Water quality monitoring needs to be extended to collect background and monitor changes
attributed to the proposed solutions.

2. Proposed Water Quality Standards

Changes in water quality standards and regulations could also determine if additional treatment of
water supplies might be necessary.

a. EPA THM drinking water standard
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A lower trihalomethane drinking water standard is under review by the Environmental Protection
Agency. The current standard is 100 ug/I for finished water. The relationship of total
trihalomethane formation potential and distributions system THMs are being studied by the
Metropolitan Water District of Southern Califomia.

Export water quality have high THM formation potentials because of high organic matter and
bromides. The primary source of bromides is seawater. DWR data also indicates that agricultural
drainages are a potential major source of THM precursors.

Depending on how much the THM drinking water standards are lowered, treatment costs are
expected to rise. If the Metropolitan Water District of Southern California was forced to use
granular activated carbon filtration for further THM reductions, the estimated costs for installation
range from $500 million to $5 billion with annual costs of $90 million to $744 million. They
conciuded that if THM precursors were reduced at the water source (Delta), there would be
dramatic reductions in the capital and operating costs of treatment to meet a new low THM
standard.

b. SWRCB Bay-Delta Water Rights Hearings

The State Water Resources Control Board is currently in the second phase of Bay-Delta Hearings
on salinity control and pollution policy making. As with Decision 1485, the Board's decision on
modifying any Delta water quality standards would effect CVP and SWP operations. The
Department has recommended changes in chloride standards. These include:

1. Eliminating the 250 mg/I chloride standard at the City of Vallejo intake at Cache slough because
the Vallejo diversion will be moved to the North Aqueduct intake.

2. Adding a 250 mg/I chloride standards at:
a. the North Bay Aqueduct intake at Barker Slough.
b. Contra Costa Canal-Old River near Rock Slough
c. North Bay Aqueduct--Cache Slough near Junction Point

3. Eliminating the 150 mg/l chioride standard at Contra Costa Canal or Antioch.

The proposed construction and standard changes point to the need to increase monitoring of
Delta water quality prior to and after such changes occur.
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by order of appearance and report sections

NOTE: These tables and figures are in draft form; not all may be in the final report as some can be
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Atlas Figure 21: Land Surface Below Sea Level.
Atlas Table 5: Delta Statistics.

Section: Tides

Exhibit DWR 39: 28-Day, 19-Year Mean Tidal Cycle, Tidal Wave At Golden Gate Bridge.
Exhibit DWR 37: Bay-Delta System Deepwater Channels and Tidal Phase Lag.

Exhibit DWR 40: Instantaneous Longitudinal Variation in Tidal Stage within suisun Bay and
Sacramento-San Joaquin River Channels.

Section: Agriculture

Exhibit DWR 308: Delta Service Area Crop Acreage Distribution (1977/80/81/82/84).
Exhibit DWR 312: Crop Acreages For Selected Years.

Exhibit DWR 311: Sacramento-San Joaquin Delta Distribution of Corn.
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Exhibit DWR 49: Location Map Irrigation Diversion Points.

Exhibit DWR 322 Delta Sub-Irrigation.

Exhibit DWR 321: Deita Island Irrigation & Drainage Scheme.

Table 10: Drainage Volume in Acre-Feet from Detta Lowlands.

Exhibit DWR 64: Location Map Agricultural Drainage Return Points.

Section: Hydrologic Conditions

Figure 3: Monthly Average Flows.
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Section: Floods
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Atlas Figure 23: Islands Flooded Snce 1980.
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Atlas Figure 16: Water Development Facilities. |
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FIGURES labelled THM-1 through THM-25

Section: Characteristics of Water Sources
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Figure—-Molar lon Ratios 1985-87 at Mallard Island, Rock Slough, & Clifton Court intake stations.



Figure --Electrical Conductivity 1983-87 at Vernalis, DMC, and Banks stations.

Figure--Molar lon Ratios 1983-87 at Vernalis, DMC, and Banks stations.

Table—-Clifton Court Intake and Banks Headworks Pumping Data.

Table—-Molar Sodium to Chloride lon Ratios by Month and Year at Banks and Clifton Court intake.

Table—Total THM Formation Potential Concentrations by Month and Year at Banks and Clifton
Court intake.

Table--Chloroform Percentage by Weight of Total THM Formation Potential by Month and Year at
Banks and Clifton Court intake.

Figure-Clifton Court and Banks Pumping Plant THM and brominated THMs 1983-87.

Section: Bedford Island Project

Figure 1: Project Location of Bedford Properties, Inc.

Section: South Delta Water Problems

Exhibit DWR 347: South Delta Agricultural Problem Areas.
Figure 2: South Delta Interim Facllities.

Figure 3: Possible Permanent Facilities.
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Table 5

DELTA STATISTICS

Population: 200,000
Counties: Alameda, Contra Costa, Sacramento, San Joaquin, Solano, Yolo
Cities Entirely Within the Delta: Antioch, Brentwood, Isleton, Pittsburg, Tracy

Major Cities Partly Within the Delta: Sacramento, Stockton, West Sacramento
Unincorporated Towns and Villages: 14

Geography
Area (acres): Agriculture 520,000 Levees (miles): Project 165
, Cities and Towns 35,000 Direct Agreement 110
Water Surface 50,000 Nonproject 825
; Undeveloped 133,000 Total Miles 1,100
Total Acres 738,000
Rivers Flowing Into the Delta (These plus their tributaries carry 47% of the State's total runoff):

Sacramento, San Joaquin, Mokelumne, Cosumnes, Calaveras

Diversions Via Aqueducts Through or Diversions Directly From the Delta:
Around the Delta: Western Delta Industry

San Francisco Public Utilities Commission City of Vallejo

East Bay Municipal Utility District 1,800+ Agricultural Users

Contra Costa Canal
State Water Project
Central Valley Project

Economy
Valuation (1980): Land $1,600,000,000 Agriculture:
Pipelines 100,300,000 Average Annual Gross Value = $375 million
- Marinas 100,000,000 Main Crops: Corn, Grain and Hay,
Roads 68,000,000 Sugarbeets, Alfalfa,
' Gas Wells 26,900,000 Pasture, Tomatoes,
Railroads 11,000,000 Asparagus, Fruit, Safflower
Utilities 1,300,000
Total $1,907,500,000
Recreation: User-Days Annually 12 million Transportation: Interstate Highways 5, 80, 205
Registered Pleasure Boats 82,000 State Highways 4, 12, 160
% Commercial Recreation Facilities 116 Railroads: Southern Pacific, Western
i Public Recreation Facilities 22 Pacific, Atchison, Topeka &
Private Recreation Associations 22 Santa Fe; Sacramento Northern
. Berths 8,534 Deepwater Ship Channels to Sacramento and
i Docks 119 Stockton transport 6 million
i1 Launch Facilities 27 tons of cargo annually.
Fish 1dlife
Birds 200 species Reptiles 15 species
Mammals 45 species Amphibians 8 species
Fish 45 species Flowering Plants 150 species

i Major Anadromous Fish: Salmon, Striped Bass, Steelhead Trout, American Shad, Sturgeon
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DELTA SERVICE AREA
CROP ACREAGE DISTRIBUTION (1977/80/81/82/84) *
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CROP ACREAGES FOR SELECTED YEARSLI
Delta Service Area—/

(Acres)
1977/80/
Crop 1931 1938 1948 1955 1968 1976 1977 81/82/84
Corn 55,798 40,457 34,671 52,012 82,550 131,700 128,160 132,770
Grain/Hay 80,794 104,172 122,334 95,708 NA 3/ 117,240 103,410 110,900
Tomatoes — — 18,410 40,810 54,360 42,710 49,540 43,100
Alfalfa 26,882 31,342 28,739 62,276 57,910 44,470 55,090 39,770
Pasture 12,748 12,386 23,708 62,616 55,720 40,380 41,160 37,600
Beets 30,915 36,311 28,912 34,519 26,250 45,680 30,880 27,650
Fruit 10,775 6,196 5,486 22,896 28,360 24,830 24,510 25,960 i

Asparagus , 70,580 77 ,311 « 86,295 82,830 40,950 22,560 20,100 23,400
Safflowver — — — 5,623 24,290 6,470 29,270 23,530
Beans 26,992 10,997 3,357 3,911 — 8,360 10,690 17,580
Field (Misc) — — — — 6,850 1,830 4,830 7,140
Truck (Misc) 6,498 11,999 7,887 6,151 20,900 5,640 5,870 9,410
Milo — — —_— 30,146 38,320 13,760 6,160 4,580
Vineyard — — —— 766 - 760" 3,360 3,330 4,870
Sudan R R— -— 522 —_— 7,510 4,240 2,180
Potatoes 18,042 10,650 7,511 8,539 6,480 2,920 2,600 2,160
Rice —— — 720 5,765 3,020 700 480 1,810
Onions 3,769 1,304 911 1,193 190 290 640 590

Celery 6,303 6,914 4,221 1,083 — | e —_— —

Seed ‘ 8,967 3,235 2,869 — —— © e— — —
TOTAL 359,063 353,274 376,031 517,366 — 520,410 520,960 515,000

1/ Data for 1931, 1938, 1948, and 1955 from Water Supervision Reports;
Data for 1968, 1976, 1977, and 1977/80/81/82/84 (counties surveyed in different years)
from DWR Land Use Surveys
2/ Prior to 1955, the area survey was limited to approximately the Lowland only.
3/ Not available.
--- No acreage reported.
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TABLE 10

DRAINAGE FROM DELTA LOWLANDS

In acre-feet

195L 1955

Unit|Acreage| May| Jundg July| Aug. | Sept. Oct.]| Nov. | Dec.| Jan.| Feb.| har.| Apr.| May (June [July |Aug. |Sept.|Oct.

2 | 11202 L5 0., 0 0 ol 179 o] 672] 582 90 ol 90 0 0 o} 0 0| 134"

3 5465 | 639| s552| 662 526| 234 | 17| 225| 387] 594| 558 475| AO3| 5ML| LOL| 667| 573 299 43 q

6 33027 617 388 339| 299| 359 | 358]| 1480 2541} 2944 ] 2159 771 4OL| 293 235| 314 269| 2271 320/

7 | 7510 510 117 | 1o4 60 6L, 44| 183| 379] 669] 367| 221| 229| 259 189 24| 120 122 59

8 | 22103 | 14126] 298, | 22271 .2935| 2997 | 3932 2867 | 1917| 1046| 1086| 1752 | 2018| 2354 3267 | 3817| 2830| 2411 1577

9 | 16085 | 1238| 1628 | 207 | 2081 | 1495 | "952| 696| 979 eu1| 252| L01| 1057| 742| 1301| 1408 1647 1067| 710
10 | 11067 | 395| 865|1057| 975| 350 261| 313| u486| 637| 352| 2u5| u43| 535 757| 8w| 860| 624) L50
11 | 14365 | 1620 1697|1337 1350| 770 | 530 753| 1383| 1516| 865| 637| 889 792| 1349| W33| 11| 591 417
12 | 16877 | 2108 3144 | 3559 | 2971 | 1450.] 1029 | 1481 | 2916] 3105| 1689] 1690 | 2582 2171| 3921 | 3927| 3690 971 621
13 | 16641 | 886 1529 2022| 1602 357 | 459| 529| 1288| 1303| 777| 767| 108L| 964| 1575| 2356| 2022 10L9| L35
1 | w67 | 1730| 2131 | 2053) 926 @n8| 1227|1483 | 2166 1961 1645| 1983 | 2307 | 1614| 1773 | 2264 846| 545 891
15 | 26424 | 2583 | 21,63 | 3005 | 2879 | 2055 | 2557 | 3425 4as1] 5721 2871 2782 2544 | 1801| 2425 2805| 3398| 2079 2021
16 18343 | 2114 | 2434 | 2321 | 3181 | 2147 | 1521 | 1076 | 2804} 4008} 1470| 1041 | 1854 | 1707 2457 2336| 2044 | 1811 1511
17 | 10191 | 992| 955|1379] 1013 | 739 |1159| 1185| 3597| 3198| 1039| 1291 | 1623 | 1585| 1613 | 2000] 1499 | 1153 603
18 | 18504 | 1710 8676 h1051 | 8210 6748 | 6994 | 1025 | 5759] 1836| 2425] 1942 1439 | 3509| 5603 [10156| 808L | 3432 288l
19 | 17917 | 2507 3570 | 1636 | 4,307 | 2688 | 1516 | 1268 | 2753 2454 | 1221 | 826 | 1301| 2618| 3160 3759 3282 | 1963 | 1275
20 | 21302 | 5456 | 9197 ho223 hos1o | 4627 | 1582 | 5639 10209 |14637| 3840] 2016 | 3533 | 6521 10456 (11726 (11870 8521 | 3505
21 | aeu6 | 315, | nooo | 5245 [ 4705 | 2698 | 2691 | 3792 7388| 7472| 2765| 1935| 2350| 3873| 5340 5398 4576| 3392 2175
22 | 19357 [12368 |15756 [L5252 [12942 | 8629 | 9306 | 8637 [10635 (12773 7385 5127 3949 (10734 16862 [15557 |12826 | 6142 5302
23 | 24493 | 2396 [ 3032 [ 3917 | 3259 | 1974 | 3790 | 3514 | 9308[11828] 3229| 2103 | 1843 | 2018 2481 | 2056| 2818 1663 | 1981
2, | 32879 | 2125 2500 | 2964 | 2839 | 1849 | 2103 | 2795| 8907] 9189| 3410| 2053 | 2135| 2355| 2649 | 2862} 2929 2285| 1974
25 | 33212 | 2335| 2197 | 3773 | 2289 | 1237 | 892| 971| 3812 3678| 2188 1958| 2540| 2233 | 2553 | 3574 3217 2068 922
26 2810 96| 131| wn| 19| 99| 88| 1ol 399| u12| 150f 92 95 107| 133 155 153 1131 93
27 | wows | 669| 62701231 on9| 343 100| 60| 195| =264| 127| 311| 722| 487| 584 | 948 1209| 588 ny
To~
tal |419439 |55719 {70573 180575 170857 L4557 16817 (16537 |85731[95668 (4196032419 37628 |49813 |7108L 80606 | 72170 |4,3116 [30017

T3t
IB&Fe 0.23| 0.17| 0.19| 0.17| 0.11| 0.11} 0.11| 0.20] 0.23| 0.10 0.08| 0.09| 0.12| 0.17 0139_,91}3__9110 0.07
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CUBIC FEET PER SECOND

Figure 3. MONTHLY AVERAGE FLOWS
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CONC. (ug/L)

800,00
T00.00 —
1]
600.00 — N "
I "
[ )
P 1
1o t!
1 \ )t
[
500.00 oo -
e . ) {
\ o
' v [
' ) ! !
{ \ P
1] 1
400.00 ,' | ) \
! 1 ) : l'
v )
' N \ k \
[ LI
\ 1 |
! L
' \‘ 1] \ 1] t
\
300.00 |— : ' o)
. 1 \ I} \ 1 ]
\ U V! t
'
' ' ! v ¥
vt ! !
' . \
; L : FARRN
I t ~
200.00 ' ' . .
v/ \
] ¢ (K4
I ‘ \
\
t
r 1 \ P
7\ . \ .7
7
/ \\ ,”‘\ / \\,’
100,00 [—< \ L7 N y :
v N el 7
. -,
0.00 l I l I l I I l l l l l l l 11 12
7T 8 9 10 11 12 L1 2 3 4 B B8 7T 8 8 2 4 B 6 8 10 12 -

THM-23

7/1983 THROUGH 12,1986

/O/



CONC. (ug/L)

ROCK SLOUGH, VERNALIS AND

GREENES LANDING

1200.00

1100.00 — H
— ROCK THM |

1000.00 [— - VERN. THM
""" GREENS THM

900.00 —

700.00

6500.00

400.00

300.00

200.00

e L L UL L L L ]
f/qﬁ-z‘f 7,83 THROUGH 9/87




s frmm—— prinaany et i ey a sy ] e o, erisy e st sy s
; ; S s e S T o gomsn einm g s ’ . : oo
gy e ; P B ﬁE%ﬁ o Lo s

MALLARD IS, VERNALIS, CLIFTON
COURT AND GREENES LANDING

CONC. (ug/L)
1100.00

1000.00

700.00

600.00

400.00

300.00

200.00

100.00

\3
f//”‘}é- 56,1986 THROUGH 6,/1987 et




™~

O

NN
@ "”“"’*‘""“’i i’ﬁ”‘f“_“’ " @

Major Constituents of Seawater

s
ELEMENT PPM MOL. WI. Moles/1l
Boron 4.6 10.811 0.000425 s
Bromide 65 79 .909 0.000813 g
Calcium 400 40.08 0.009980
Chloride 19000 35.453 0.535920
Potassium 380 39.102 0.009718
Magnesium 1350 24 .312 0.055528
Sodium 10500 22.9898 0.456724

g
i

Na:Cl molar ratio:0.852224
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SUMMARY OF MOLAR SODIUM TO CHLORIDE ION RATIOS AT ALL DELTA STATIONS

1984 1985
STATION 08BS MIN MAX AVG STD.DEV. OBS MIN MAX AVG STD DEV L4
AMERICAN 12 1.5 3.08 2.57 0.73 8 1.5 2.3 1.83  0.37 3
BANKS 12 1.09  1.54 1.4 0.1 12 0.93 1.63 1.3 0.2 &
CACHE 12 1.49 1.7  1.58  0.06 4 1.57 1.79 1.67  0.08
CLIFTON 12 .32 1.54 1.42  0.07 12 0.93 1.56 1.27 0.9
COSUMNES 12 1.93 6.17  3.05 1.03 0 g
DMC 12 1.23 149 1.4  0.08 12 0.95 1.61 1.26  0.19
GREENES 13 2.16 3.08 2.6 0.33 13 2.2 3.39 2.84 0.4
HONKER 6 1.23  2.16 1.52  0.32 0 g
LCONNECTS 0 4 10 1.2 2.52 1.82  0.37
LINDSEY 6 1.97  2.35 2.09  0.12 14 137 2.25 1.93  0.21
MALLARD 0 3 0.8 0.9 0.93  0.03
MALLARDIS 0 8 0.8  0.95 0.87  0.04
MIDDLER 0 9 1 1.6 1.3 0.21-
MOKLELUMN 12 1.54  3.08  2.96  0.43 0
NOBAY 12 .31 3.3 2.82  0.27 8 2.3 339 2.8  0.28
ROCKSL 12 1.25 1.76 1.5  0.16 13 0.87 1.8 1,22 0.27
VERNALIS 1 1.33 1.7 1.47 0.1 14 1.26 1.68 142 0.13 g
1986 1987
STATION OBS MIN MAX AVG STD DEV O0BS MIN MAX AVG STD DEV g
AMERICAN 7 1.5  3.08 2.2 0.76 8 1.5  3.08 1.99  0.53 .
BANKS 9 0.45 1.45 1.21 0.29 1 0.96 1.38 1.1 0.13 i
CACHE 0
CLIFTON 9 1.15 1.54 1.35 0.13 9 0.8 1.4 1.1 0.17
COSUMNES 0 0 g
DMC 9 1.13 1.6 1.3 0.14 10 0.8 1.4 1.13  0.17
GREENES 9 2.06  3.08 2.5 0.34 9 1.96  2.78  2.31 0.26
HONKER 0 0
LCONNECTS 7 097 1.85 1.46  0.28 6 0.9 1.67 1.28  0.23
LINDSEY 9 1.66  2.02 1.77 0.1 10 1.48 1.76 1.6 0.1
MALLARD 0 0 _
MALLARDIS 1 0.81 1.54 1 0.25 8 0.8 092 0.8  0.03 f}
MIDDLER 7 1.19 1.42 1.31 0.08 8 1 1.28 1.19  0.06 %
MOKLELUMN 0 0
NOBAY 7 231  3.08 2.73 0.2 10 2.2 3.08  2.67 0.3 e
ROCKSL 9 1.11 2.44 1.47  0.37 8 0.8 1.38 1.09  0.18 {3
VERNALIS 9 1.3 1.66 1.47  0.09 9 1.2 1.47 1.3 0.07




N ¢ S e 3
ELECTRICAL CONDUCTIVITY 1985-87/
Mallard Island, Rock Slough, & Clifton Ct. intake stations
Sacramento River at Rock Slough at 01d Clifton Ct. intake
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Molar Na:Cl ratios
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ELECTRICAL CONDUCTIVITY 1983-87
Vernalis, DOMC, and Banks stations
San Joaquin River DMC intake Banks Pumping Plant
near Vernalis = ) headworks
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San Joaquin River
near Vernalis

MOLAR ION RATIOS 1983-87

Vernalis, DMC, and Banks stations

DMC 1ntake Banks Pumping Plant
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STATION MONTH

CLIFTON COURT INTAKE AND BANKS HEADWORKS PUMPING DATA
’ Units in Acre-Feet/Day

YEAR DAYS LOWEST  HIGHEST TOTAL MEAN STDDEV ~ EXCHANGE RESTIME

CLIFTON
BANKS
BANKS
CLIFTON
CLIFTON
BANKS
BANKS
CLIFTON
CLIFTON
BANKS
CLIFTON
BANKS
CLIFTON
CLIFTON
BANKS
CLIFTON
BANKS
BANKS
BANKS
CLIFTON
CLIFTON
CLIFTON
CLIFTON
BANKS
BANKS
CLIFTON
BANKS
BANKS
CLIFTON
BANKS
CLIFTON
BANKS
CLIFTON

Y
NN

OV O W N WO NONSN

- -
NN

O 000 - - 0 ® 0O O ™

86 30 11480 14552 377110 12570 739 12.06365 2.486873
86 30 11393 12647 374808 12494 299 11.99001 2.502001
83 28 11008 12590 348240 12437 290 11.14011 2.513468
a3 28 9904 13686 344774 12313 880 11.02923 2.538780
83 N 10104 14708 379641 12246 941 12.14462 2.552670
83 3 7079 12583 376737 12153 970 12.05172 2.572204
85 3 9015 12533 363212 nnv 1105 11.61906 2.667918
85 31 8909 13406 361574 11664 1080 11.56666 2.680041
85 3" 7518 13879 343355 11076 1839 10.98384 2.822318
85 3 7739 12573 338299 10913 1796 10.82210 2.864473
86 31 8442 13905 333425 10756 1370 10.66618 2.906284
86 31 6858 12571 330595 10664 1295 10.57565 2.931357
87 3 7645 12079 312007 10098 1234 9.981030 3.095662
86 N 4028 13289 310129 10004 2779 9.920953 3.124749
86 3N 4263 12499 306504 9887 2836 9.804990 3.161727
84 " 4528 11727 306239 9879 1484 9.796513 3.164287
a7 " 7968 12493 305233 9846 1243 9.764331 3.174893
84 3 4726 12540 298591 9632 1530 9.551855 3.245431
87 31 0 12629 298204 9619 4547 9.539475 3.249818
87 31 0 15055 294839 9574 1651 9.431829 3.265093
85 3 6942 10909 291093 9390 867 9.311996 3.329073
84 3 6069 11207 286063 9228 966 9.151087 3.387516
87 30 5936 13272 274578 9153 2114 8.783685 3.415273
85 3 7733 12565 282768 9122 867 9.045680 3.426880
a7 30 5228 12496 272233 9074 2325 8.708669 3.445007
85 " 3396 14967 280410 9045 3146 8.970249 3.456053 -
84 31 5733 12571 279416 9013 1746 8.938451 3.468323
85 3 3770 12561 277997 8968 2947 8.893057 3.485727
85 30 4363 13030 266857 8895 2423 8.536692 3.514333
85 30 5522 12549 265599 8853 2464 B.496449 3.531006
84 31 1044 13329 273700 8829 3172 8.755598 3.540604
84 3 2490 12489 273096 8810 3147 8.736276 3.548240
87 31 3967 11107 269106 8681 1446 8.608636 3.600967

(‘\



BANKS
CLIFTON
BANKS
CLIFTON
BANKS
CLIFTON
BANKS
CLIFTON
BANKS
BANKS
CLIFTON
CLIFTON
BANKS
CLIFTON
CLIFTON
BANKS
CLIFTON
BANKS
BANKS
CLIFTON
CLIFTON
CLIFTON
CLIFTON
BANKS
CLIFTON
BANKS
BANKS
CLIFTON
BANKS
BANKS
BANKS
BANKS
CLIFTON
CLIFTON
BANKS
BANKS
CLIFTON
BANKS
CLIFTON

5
6
5
5
8
8
2
2
5
3
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RPRIINEARAREEERERIZIZEERR

3
k)|
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28
3"
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28
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3
30
N
30
30
30
k)|
3
3
3
3
30
3
30
30
30
31
30
3
31
3
3
28
28
3
3"

5913
4959
5539
4106
3763
3439
4220
2492
4248
2535
3556
3769
2699
3148
4921
3097
3572
3699
4814

119

120
3894
1302
1043
2564
1462
3324
2382
2457

3324
2588

2462
1418

281
898
2286

11500
10552
10342
10137

9440
11291
12528
10710
10217
10747
13983
10587
12534
13246
10494
12641

9698

9011
10357
10607
10817

8926
11442
12520
10986
10311

8107

8454
10318
10322
12524

8896
11133
10298
10141
12570
10312
12550

8950

265122
247103
238220
238004
239823
218166
214679
221591
199502
219658
207350
193150
206499
212169
202413
207921
199821
196817
195529
195672
190724
190232
189905
189646
183147
188133
180820
179676
178455
184392
178221
184005
175868
174166
167707
151234
150327
164799
158995

8552
»n
7941
7933

2712
7156
7148
7125
7086
6912
6898

6747
6707

6561
6518
6312
6152
6137
6126
6118
6105
6069
6027
5989
5949
5948
5941
5936
5673
5618
5410
5401
5369
5316
5129

1362 8.481189 3.655285
1591 7.904766 3.921716
1434 7.620601 3.936532
1738 7.613691 3.940501
1894 7.671881 4.040847
1989 6.979078 4.298679
2171 6.867530 4.368362
1672 7.088643 4.373251
2007 6.382021 4.387368
1620 7.026807 4.411515
2915 6.633077 4.522569
1761 6.178822 4.531748
2870 6.605854 4.541624
3435 6.787236 4.567504
1366 6.475143 4.633170
3452 6.651343 4.660802
1666 6.392226 4.692988
1658 6.296129 4.764517
1348 6.254926 4.795949
2736 6.259500 4.952471
2163 6.101215 5.081274
1489 6.085476 5.093693
2003 6.075016 5.102840
2471 6.066730 5.109512
1660 5.858829 5.120393
1994 6.018330 5.150766
1519 5.784389 5.186659
1538 5.747792 5.219569
1883 5.708733 5.254664
2853 5.898656 5.255548
2284 5.701247 5.261740
1524 5.886276 5.266172
2358 5.625975 5.510312
1771 5.571528 5.564258
1797 5.364907 5.778188
2801 4.837939 5.787817
2299 4.808925 5.822313
2225 5.271881 5.880361
1760 5.086212 6.094755
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1874
2075
1799
1286
1092
1983

161
1
1365

935

1888

369
1670

o o

61
0

8251
7767
9453
7391
8239
7041
8020
6738
7334
10321
10330
6994
7883
8664
7255
6669
7225
7233
12344
12803
8778
10389
7519
9246
9558
5154
6696
15207
12568
114465
8003
10423
5532
3996
5012
10370
7492
4025
5334

153357
153282
157466
134332
131247
134270
132326
130759
122307
112232
119661
118977
122880
117479
113226
116698
108668
115619
114926
114800
110833
108167
107969
104091
182136

81917
81555
83158
82716
4088
72201
70424
45485
44719
43585
44645
43402
39978
29753

5112
5109
5080
4478
4375
4331
4269
4218
4077
4008
3989
3966
3964
3916
3904
3764
3747
3730
3707
3703
3694

3483
3358
3071
2731
2719
2683
2668
2406
2329
2272
1516
1491
1453
1440
1400
1333

960

1544 4.905854
1530 4.903454
1545 5.037300
1250 4.297248
1456 4.198560
1698 4.295265
1775 4.233077
1490 4.182949
1622 3.912571
2538 3.590275
2864 3.827927
1557 3.806046
1787 3.930902
2038 3.758125
1568 3.622072
1323 3.733141
1574 3.476263
1436 3.698624
2805 3.676455
2985 3.672424
2801 3.545521
2071 3.460236
1576 3.453902
1982 3.329846
1716 5.826487
1499 2.620505
1709 2.608925
4380 2.660204
3922 2.646065

0.130774
2002 2.309692
2364 2.252847
1479 1.455054
1358 1.430550
1530 1.394273
2280 1.428182
2199 1.388419
1131 1.278886
1345 0.951791

6.115023
6.118614
6.153543
6.980794
7.145143
7.217732
7.322557
7.411095
7.667402
7.799401
7.836550
7.881997
7.885973
7.982635
8.007172
8.30499%
8.342674
8.380697
8.432695
8.441803
8.462370
8.668885
8.975021
9.309112
10.17909
11.44635
11.49687
11.65113
11.71664
12.99251
13.42206
13.75880
20.62005
20.96579
21.51410
21.70833
22.32857
23.45086

32.5625

57/



BANKS 12 83 3 0
CLIFTON 5 83 3 0
BANKS 5 a3 3 0
CLIFTON 10 83 31 0
BANKS 10 83 3 61
BANKS 1 84 31 0
CLIFTON 1 84 31 0
BANKS 4 83 30 0
CLIFTON 4 83 30 0

...................................................................................................

TOTAL = total volume for the entire month

2596

3245
2521
2214
1639
2932
2219
2267

25954
24817
23782
21132
20754
20372
18551

7270

6689

837
801
767

669
657
598
242
223

723 0.830262 37.34767
1220 0.793889 39.02621
1079 0.760780 40.75619
847 0.676007 45.83577
423 0.663915 46.72645
468 0.651695 47.57991

889 0.593442 52.27425

534 0.232565 129.1735
619 0.213979 140.1793




Molar Sodium to Chloride Ion Ratios by Month and Year

at the H. O. Banks Pumping Plant Headworks

1- 1.1~ 1.2- 1.3- 1.4-
Year <1 1.09 1.19 1.29 1.39 1.49
1982
1983 8,10 7,9,11,12
1984 6 3,4,5,7 1,2,8

10,11,12
1985 10,11,12 8,9 6 5,6,7 2,3
1986 9 1 2 6 5,8,11 3,4,7
1987 9,11,12 2,6,8,10 2,5 1,3 4
note: data not yet avallable for 9 and 10/87.
at the Clifton Court Intake

1- 1.1- 1.2- 1.3- 1.4-
Year <1 1.09 1.19 1.29 1.39 1.49
1982
1983 8 7,10,11
1984 3-8 2,10-12
1985 11,12 10 8 9 1,5,7 2,3,6
1986 21,7,9,11 6,8 5
1987 9,10,11 5,6 2 1 3,4

12

note: data not yet available for 9/87.
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Total THM Formation Potential Concentrations (mg/1)
by Month and Year

at the H. O. Banks Pumping Plant Headworks

300- 400- 500- 600- 700-
Year <300 399 499 599 699 799 >800
1982 8,10 6 12 3
1983 2 6,7,9-11 4,8,12
1984 1,10 2,5-9, 3 4 ig

11,12

1985 2 4,9 4,9,10 5,6,8,12 7 ‘
1986 6,11 9,12 5,7 3 4 1,2 vﬁ
1987 4,10 11 3,5,9 1,2,12 2 L

note: no data available for 6,8,9, and 10/87.

at Clifton Court Intake i
300- 400- 500- 600- 700- .
Year <300 399 499 599 699 799 >800 g
1982
1983 7,9-11 8,12 g
1984 1,2,4,10 3,6-9,12 5,11 :
1985 | 2 4,10 5,6,8 12 1,3
1986 6 5,7,9, 3 4 5
11,12 Z]
1987 4,11 10 3,5,9,12 1 2,6,10

note: no data available for 6,9, and 10/87.

-
K 3




J——
sl

ey

= RN 7

Chloroform Percentage by Weight of Total THM Formation Potential
by Month and Year

at the H. 0. Banks Pumping Plant Headworks

50~ 70- 80~
Year <50% 69.9% 79.9% 89.9% >90%
1982 6,10 3,8,12
1983 2,4,7-12 6
1984 2 1,3-12
-1985 12 8,9 2,7,9 4-6
1986 1-7,11,12
1987 10 9,11,12 2-5 1,2
note: no data available for 6,8,9, and 10/87.
at Clifton Court Intake
50- 70- 80-
Year <50% 69.9% 79.9% 89.9% >90%
1982
1983 11 7,8 9,10,12
1984 2,6 1,4,5,7-12
1985 12 10 8 2,4-6
1986 6,7,9 3-6,11,12 4
1987 10,12 9,11 3,5 2,4 1
note: no data available for 6,9, and 10/87.
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Introduction

DAYFLOW* is a computer program developed in 1978 as an accounting tool for
determining historical Delta boundary hydrology. DAYFLOW cutput is used
extensively in studies initiated by the Department of Water Resources (DWR),
the Department of Fish and Game (DFG), and less frequently by other State and
Federal agencies (e.g., U. S. Bureau of Reclamation (USBR)) and private
consultants. The output has been put in STORET, The Environmental Protection
Agency's data storage and retrieval system, making it available for use
nationally.

The DAYFLOW program presently provides the best estimate of historical mean
daily flows: (1) through the Delta Cross Channel and Georgiana Slough;

(2) past Jersey Point; and (3) past Chipps Island to San Francisco Bay (net
Delta outflow). The degree of accuracy of DAYFLOW output is affected by the
DAYFLOW computational scheme and the accuracy and limitations of the input

data. The input data include the principal Delta stream inflows, Delta
precipitation, Delta exports, and Delta gross channel depletions. These data
include both monitored and estimated values as described in this DAYFLOW
program documentation. Currently, flows are not routed fo account for travel
tive through the Delta. All calculations involving inflows, depletions,
transfers, exports, and outflow are performed using data for the same day. All
DAYFLOW summary reports distributed through January 1985, providing flow data
through August 1984, and data for September 1984 reported herein were generated
according to the algorithm described in the Computational Scheme section.

DAYFLOW program documentation is presented as follows:

Computational Scheme

' Summary Tables of Monthly Data

Input Data Documentation

* Methodology for DAYFLOW Data Summary Generation
Summary of Equations

Computational Scheme

The DAYFLOW computational scheme was developed to derive three types of
quantities:

* Net Delta Outflow estimates at Chipps Island e
Interior Delta flow estimates at significant locations
Summary and fish-related parameters and indices

The DAYFLOW FORTRAN program listing is presented in Attachment E.

*This program has also been referred to as the DAYFLO and DAY FLOW model.
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Table 1

SUMHARY DAYFLOW PROGRAM COCUMENTATION

Co lvamn DAYFLOW Pre « Execution DAYFLOW

Y. 1/  Parsmetec Oewcript fon Calculst jon Calculst ion Comment 8
) QSJR San Josauin River st None None Messured
Vernalis
(%] OCRM Cosumes River ot None None Messuted
Michigan Ber
9)] ooKE Mokelume River ot None None Messured
¥Yooddridge
(& oSt Miscellanecus Sttesn Sum of Calaverss River, None Sum of messured flowsi hand
Flow Bear Creek, Marah Creek, calculsted or intermediate
Dy Creek, Stockton proarse used (e.g., DFDATB4)
Oiv. Cansl, Morcison
Creek and French Cerp
Slouch
[$)] QEAST Cent Delts Inflow None Sum of flows (1) Calculsted
through (&)
% (6) QSAC Sectamento River st None Nore Messured
. Freeporc
[%)] QvoLo Yolo Bypess flow Sua of Yolo Bypsss near None Sum of messured flows: hend
Voodland, Sscramento calculated or inermediste
Weir Spill snd South proatam used (e.q., OFDATBA)
Fork Putsh Creek .
(8 Qrot Totatl inflow None Sum of flows (5) Calculsted
throueh (7)
(9 QOEPL GCeoss chamne] depletion More None Estimated by DWR (1963);
tepesting snrwal cycle
W 10) PrEC Delts precipitstion Depth converted to Nore Measured precinitstions
(1,14 4 voluret evenly distri- estimated runoff pattern
buted over 5 deys from (S-dey)
evere
(n’ o Net chennel depletion None Depl(9) = flow(10) Calculated
1) arpe CYP Tracy export Nore MNore Operstion records
(1) wrP SW export 8810 pumoing mubtrected None Op. records; Deits PP throuch
(from S/01/7%) 4/30/ 1, Clifton Court inteke
from 5/01/ N
(14) ocee Contra Costs Cansl None | None Operstions tecorcs
exmort
(1) T™MID Miscelleneous Detersine intensity end None Estismted diversions/transfers
diversions dutation of event {e.g., islend flooding/pusoing)
16) oxp Totsl exports None Sum of exports (12) Calculeted
. throuan (13)
Tan GxGEo Delts Cross Channel Gace operstion code snd Calculsted by erpicicel Estimeted; times determined and
and Georqisns Slouch pertisl settings forsuls bared on oste aperstions coded by hend
: det ermined settinne end Secramento
River flow
e pP¥EST  Flow past Jersey None Flow(3)eflow(17)- Calculated
Poimt exp (16) ~65%depl(11)
19 eout Oelts outflow at None Flow(8) = depl(11) - Caleulated
Chipps Islend exp (16) E
) fOIVER  Percent diverted None (E0(16) + depl(11)}/ Calculated
’ flow(8)
13 .
I3 ) QEFFECT  Effective inflow None - A I (ew(16) « 4Z5 -+ Caloulated
(i depl{11))
deflow(1), then flow
. (21) = fiow(8) -
flow(1)
8. IF [exp(16) » &
depl(11)]
< flow(1), then
flow(21) =
Flow(8) ~ lower ((65%
Y flow(1) « 15% depl(11))
OR (exp(16) » 42
i 4 deod(11)))
L
ra
’ 1) QEFFDIY  Effective % diverced None (Flow(21) - flow(19))/ Calculaced
L flow(21)
T/ Colum rusbers refer to DATILON Data Summary repoct layout. '
e
"3




Yet Delta OQutflow Estimates At Chipps Island

in estimate of net Delta outflow at Chipps Island is derived by performing a
vater balance about the boundary of the Sacramento-San Joaquin Delta, taking
Chipps Island as the western limit (this quantity should no:t be confused with
the total tidal flow, which is much larger). Figure 1l is a map of the area of
interest. A flow schematic is shown in Figure 2. In its most general form,
the water balance equation is (using DAYFLOW parameters; seec Table 1 for a
complete listing of DAYFLOW parameters and their definitions):

QOUT = QrOT + QPREC - QDEPL - QEXP (1)
Where:

QOUT = Net Delta outflow at Chipps Island

QTOT = Total Delta inflow

QPREC = Delta precipitation runoff estimate

QDEPL = Deltawide gross channel depletion estimate (consumptive use)

QEXP = Total Delta exports and diversions/transfers

The parameters on the right side of the equation are input data used to
calculate net Delta outflow. These input parameters are further defined in the
Input Data Documentation Section, including exceptions and changes made to the
parameters appearing in the equations presented.

Total Delta Inflow (QTOT). The principal surface water inflows, miscellaneous
stream flows, and the Yolo Bypass flow addition near Rio Vista are included in
determination of total Delta inflow according to the following equation:

QrOT = QSAC + QEAST + QYOLO (2)

Eastern Delta inflow (QEAST) includes inflow to the Delta from the northeast,
east, and southeast (Marsh Creek is the exception, flowing to the Delta from
the southwest). QEAST is defined as:

QEAST = QSJR + QCRM + QMORE + QMISC (3)
Miscellaneous stream flow (QMISC) is a composite flow defined as:

QMISC = Calaveras River flow
+ Bear Creek flow
+ Dry Creek flow
+ Stockton Diverting Canal flow
+ French Camp Slough flow
+ Marsh Creek flow I
+ Morrison Creek flow (4)

The Yolo Bypass flow addition to the Delta water balance is calculated as:
QYOLO = Yolo Bypass flow at Woodland

+ Sacramento Weir Spill
+ South Fork Putah Creek (5)

( [A)

L
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Appendix B

SWRCB DECISION 1485 STANDARDS
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In the Matter of Permit 12720 (Application 5625) and Other j

Permits of United States Bureau of Reclamation for the
Federal Central Valley Project and of California Department
of Water Resources for the State Water Project.

DECISION IN FURTHERANCE OF JURISDICTION RESERVED
IN DECISIONS D 893, D 990, D 1020, D 1250, D 1275, D 1291,
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CONTAINING RESERVED JURISDICTION REGARDING THE SACRAMENTO-SAN JOAQUIN DELTA
OR COORDINATION OF TERMS AND CONDITIONS

TABLE I o .
PERMITS FOR FEDERAL CENTRAL VALLEY PROJECT AND STATE WATER PROJECT

Sheet 1 of 6

Permit-

Appiicd-v

§ i Permit ; Source H Direct Diversion Storage H Purpose
tee L/ * tion No. @ No. ¢ !Quantity(cfs) : Season !Quantity(AF) : Seasqn }t
USBR 5625 12720 Sacramento River 11,000 Jan.l to 3,190,000 Oct. 1 to Power
Dec. 31 June 30
USBR 5626 12721 Sacramento River 8,000 Jan.l -to 3,190,000 Oct. 1 to Irrigation,
Dec. 31 June 30 domestic,
stockwatering
navigation
and recrea-
tion
USBR 5627 11966 - Trinity River 1,100 Jan.1 to 1,540,000 Jan. 1 to Power
Dec. 31 ‘Dec. 31
USBR 5628 11967 Trinity River 2,500 Jan.l to 1,540,000 Jan. 1 to Irrigation,
Dec. 31 Dec. 31 domestic,

- navigation,
salinity con-
trol and
flood control

DWR 5629 16477 Feather River 7,600 Jan.l to 380,000 Oct. 1 to Power, re-
Dec. 31 July 1 creation,fish
and wildlife
enhancement
DWR 5630 16478 Feather River 1,400 Oct.l to 380,000 Oct. 1 to Irrigation,
July 1 July 1 domestic,
municipal,
industrial,
salinity con-
trol, recrea-
tion, fish
and wildlife
enhancenment
USBR 9363 12722 Sacramento River 1,000 Jan.l to 310,000 Oct. 1 to Municipal
Dec. 31 June 30 and indus~

trial

-~
-



TABLE I

(Continued)

PERMITS FOR FEDERAL CENTRAL VALLEY PROJECT AND STATE WATER PROJECT

CONTAINING RESERVED JURISDICTION REGARDING THE SACRAMENTO-SAN JDAQUIN DELTA

OR COORDINATION OF TERMS AND CONDITIONS

Sheet 2 of 6,

'gcrnit-' Applica- § Permit Source Diract Diversion i  Purpose
tee 1/ ! tion No. No. 'Quantity(cfs) Season ‘Quancity(AF) Season__ :
*USBR 9364 12723 Sacramento River 9,000 Jan. 1 to 1,303,000 Oct. Irrigation,

: Dec. 31 June 30 flood control,
domestic,
stockwatering,
navigation &
recreation

USBR 9365 12724 Sacramento. .River 2,275 Jan. 1 to *© 1,303,000 Oct. Power
Dec. 31 June 30
USBR 2366 12725 Rock Slough 200 Jan. 1 to -- - Irrigation and
Dec. 31 domestic
USBR 9367 12726 Rock Slough 250 Jan. 1 to - -- Municipal and
Dec. 31 industrial
USBR 9368 12727 0l1d River 4,000 Jan. 1 to - - Irrigation
' Dec. 31 and domestic
USBR 13370 11315 American River 8,000 Nov. 1 to 1,000,000 Nov. Irrigation,
Aug. 1 July salinity con-
trol and
flood control
USBR 13371 11316 American River 700 Nov. 1 to 300,000 Nov. Municipal,
Aug. 1 July industrial,
domestic and
recreational
USBR 13372 11317 American River 8,000 Jan. 1 to 1,000,000 Oct. 1 to Power
Dec. 31 July
1;
I



TABLE I
PERMITS FOR FEDERAL CENTRAL VALLEY PROJECT AND STATE WATER PROJECT

(Continued)

Sheet 3 of 6

CONTAINING RESERVED JURISDICTION REGARDING THE SACRAMENTO-SAN JOAQUIN DELTA
OR COORDINATION OF TERMS AND CONDITIONS

Pcrnit-{Appiiea;

tee $tion No.

FPermit

No.

essese |}

Source

Diraect Diversion

. o
13

Storage

H Purpose

3
{Quantity

(cfs)

Season

DWR 14443

‘14444

DWR 14445A

USBR 14662

16479

16480

16481

11318

Feather River,

Sacramento-San
Joaquin Delta
Channels

Feather River

Italian Slough

American River

1,360

6,185

11,000

2,115

Season__iQuantity(AF)

Jan. 1 to

Dec.

Jan.
Dec.

Jan.
Dec.

Oct.
July

31

1l to
31

1 to
31

1 to

3,500,000

42,100

3,500,000

44,000

300,000

Sept.

1

Irrigation,

to Ju1y31domestic,

Jan. 1

to Dec. 31

Oct. 1
July 1

Oct. 1
July 1

Oct. 1
July 1

municipal, in-
dustrial,
salinity con-
trol, recrea-
tional, fish
and wildlife

enhancement

Power, recrea-
tional and
fish and wild-
life enhance-
ment

Irrigation,
domestic,
municipal,
dustrial,
salinity con-
trol, recrea-
tional and
fish and
wildlife en-
hancement

in-

Power

Gy
()‘



TABLE I (Continued) sheei 4 of 6
PERMITS FOR FEDERAL CENTRAL VALLEY PROJECT AND STATE WATER PROJECT
CORTAINING RESERVED JURISDICTION REGARDING THE SACRAMENTO-SAN JOAQUIN DBLTA
_OR COORDINATION OF TERMS AND CONDITIONS

Permit »

12::“§ a1 Azpli;a- i § Source : Direct Diversion : . Storage i Purpose
fimn tlon No. - No, iQuantity(cfs) : Season 'Quantiqy(AF) : Season ¢
USBR 15374 11968 Trinity River .300 Jan. 1 to 200,000 Jan. 1 to Municipal and
Dec. 31 Dec. 31 industrial
USBR 15375 11969 Trinity River 1,700 Jan. 1 to, 1,800,000 Jan. 1 to Irrigation,
Dec. 31 : Dec. 31 domestic,
fish & wild-
life propaga-
tion, navi-
gation,water
quality con-
trol and
) recreation
USBR 15376 11970 Trinity River 3,525 ) Jan. 1 to 1,800,000 Jan. 1 to Power
Dec. 31 . Dec. 31
USBR 15764 .. 12860 01d River - - 1,000,000 Oct. 1 to Irrigation,
April 30 domestic,
stockwatering
municipal,
industrial
and recrea-
tion
USBR 16767 11971 Trinity River - - 700,000 Jan. 1 to Irrigation,
Dec. 31 domestic and
water quality
control
USBR 16768 11972 Trinity River 175 Jan. 1 to 700,000 Jan. 1 to Power

Dec. 31 . Dec. 31

Yl L Ged B bl e D b



Knickerbocker
Creek

S e
TABLE I (Continued) Sheet 3 of &
PERMITS FOR FEDERAL CENTRAL VALLEY PROJECT AND STATE WATER PROJECT
CONTAINING RESERVED JURISDICTION REGARDING THE SACRAMENTO-SAN JOAQUIN DELTA
e ) L OR COORDINATION OF TERMS AND CONDITIONS
Permit-: Applica~ H ~Permit : Source H Direct Diversion : Storage : Purpose
tee 1/ . tion No. i No. ¢ iQuantity(cfs) Season__:Quantity(AF) : Season :
USBR 17374 11973 Trinity River 1,500 Jan. 1 to - - Irrigation,
Dec. 31 domestic,
municipal,
industrial,
salinity con-
trol, recrea-
tion, fish
and wildlife
enhancement
DWR 17512 16482 Italian Slough - -- 1,100,000 Oct. 1 to Irrigation,
and San Luis : July 1 domestic,
Creek municipal, in-
dustrial,
salinity con-
trol, recrea-
tion, fish
and wildlife
enhancement
DWR 17514A 16483 Lindsey Slough 135 Oct. 1 to - - Municipal and
» July 1 industrial
USBR 18721 16209 North Fork Ameri- 100 Nov. 1 to 1,700,000 Nov. 1 to Irrigation,
can River and Aug. 1 July 1 recreation,
Knickerbocker incidental
Creek domestic and
water quality
control
USBR 18723 16210 North Fork Ameri- 6,300 Jan. 1 to 1,700,000 Nov. 1 to Power, inci-
can River and ' Dec. 31 July 1 dental

recreation
and domestic

)
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CONTAINING RESERVED JURISDICTION REGARDING THE SACRAMENTO-SAN JOAQUIN DELTA

ORHQDORDINBT;QN OF TERMS AND CONDITIONS

Permit-% Applica- ; Permit ; Source . Direct Diversion . Storage s Puf o
teeé&_: tion No. : No. : i gQuantitY(cfs) Season__ !Quantity(AF) AAzSeason : pose
USBR 21542 15149 01d River - - 1,000,000 Nov. 1 to Power
April 30
USBR 21636 16211 North Fork Ameri- 600 Jan. 1 to 800,000 Nov. 1 to power
: - can River and Dec. 31 . July 1
Knickerbocker
Creek
USBR 21637 16212 North Fork Ameri- 900 Nov. 1 to 800,000 Nov. 1 to Irrigation,
can River and July 1 July 1 municipal,
Knickerbocker industrial,
Creek domestic,
recreation,
fish and
wildlife en-
hancement and
water quality
control
USBR 22316 15735 Rock Slough - - 5,400 Oct. 1 to Irrigation,
' June 30 domestic,

’ municipal,
industrial,
water quality
control and
recreation

1/ USBR = Permit held by U.S. Bureau of Reclamation
DWR = Permit held bv Department of Water Resources
{
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DECISION 1485

WATER QUALITY STANDARDS
FOR THE SACRAMENTO-SAN JOAQUIN DELTA AND SUISUN MARSH-Y/

BENEFICIAL USE PROTECTED PARAMETER DESCRIPTION YEAR TYPEZ/ VALUES
and LOCATION

MUNICIPAL and INDUSTRIAL

Contra Costa Canal Intake Chloride Maximum Mean Daily CI™ Al 250
at Pumping Plant No. 1 in mg/|
Contra Costa Canal Intake Chloride Maximum Mean Daily 150 mg/| Number of Days Each Calendar Year
at Pumping Plant No. 1 Chloride for at least the number Less than 150 mg/! Chloride
or of days shown during the
Antioch Water Works Intake Calendar Year. Must be provided Wet 240 (66%)
on San Joaquin River in Intervals of not less than Ab. Normal 190 (52%)
two weeks duration. (% of Year Bl. Normal 175 (48%)
shown in parenthesis) Dry 165 (45%)
: Critical 155 (42%)
City of Vallejo Intake Chloride Maximum Mean Daily CI™ Al 250
at Cache Slough inmg/l
Clitton Court Forebay Intake Chloride Maximum Mean Daily CI™ All 250
at West Canal in mg/l
Delita Mendota Canal Chloride Maximum Mean Daily CI~ All 250
at Tracy Pumping Plant inmg/l
AGRICULTYURE . 0.45 EC EC from Date
April 1 to Shown 3 to
WESTERN DELTA Date Shown Avg. 15
Emmaton on the Electrical Maximum 14-day Running
Sacramento River Conductivity Average of Mean Daily Wet Aug. 15 -
EC in mmhos Ab. Normal July 1 0.63
Bl. Normal June 20 1.14
Dry June 15 1.67
Critical - 2.78
Jersey Point on the Electrical Maximum 14-day Running Wet Aug. 15 -
San Joaquin River Conductivity Average of Mean Daily Ab, Normal Auy. 15 -
. EC in mmhos Bl. Normal June 20 0.74
Dry June 15 1.35
. Critical - 2.20
P INTERIOR DELTA ‘
i Terminous on the Electrical Maximum 14-day Running Wet Aug. 15 -
& Mokelumne River Conductivity Average of Mean Daily Ab. Normal Avg. 15 -
EC in mmhos Bl. Normal Aug. 15 -
Dry Aug. 15 -
i . " Critical - 0.54
f .
3 San Andreas Landing on the Electrical Maximum 14—day Running Wet Aug. 15 -—
) San Joaquin River Conductivity Average of Mean Daily Ab. Normal Aug. 15 -
EC in mmhos . Bl. Normal Aug. 15 -
o Dry June 25 0.58
' Critical — 0.87

S isined
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WATER QUALITY STANDARCS
FOR THE SACRAMENTO-SAN JOAQUIN DELTA AND SUISUN MARSH L/

BENEFICIAL USE PROTECTED PARAMETER DESCRIPTION YEAR TYPEZ/ VALUES
and LOCATION
FISH AND WILDLIFE
e STRIPED BASS SPAWNING
Prisoners Point on the Electrical Average of mean daily EC for All April 1 to May 5
San Joaquin River Conductivity the period not to exceed . mmhos

Chipps Island

Antioch Waterworks Intake
on the San Joaguin River

Antioch Waterworks Intake

e STRIPED BASS SURVIVAL
Chipps Island

e SALMON MIGRATIONS

Rio Vista on the
Sacramento River

® SUISUN MARSH
Chipps Island at
O&A Ferry Landing

Chipps Island

Deita Outfiow

Index in cfs

Electrical

Conductivity

Electrical

Conductivity

(Relaxation
Provision -
replaces the

above Antioch

and Chipps
Island Stan-

dard whenever

the projects
impose

deficiencies in
tirm supplies 5/

Delta Outtiow

Index in cts

Computed net
stream flow
in cts

Electrical
Conductivity

Delta Outflow
Index in cts

Average of the daily Delta All
outflow index for the period,
not less than

Average of mean d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>